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Summary
Western Australia faces two issues in its ability to meet national resource
condition monitoring requirements for invasive species:
• There is limited strategic monitoring of invasive species by government
departments across the state’s large geographic area (Gibson & West 2006)
• Western Australia's six regional natural resource management groups, as
incorporated bodies, do not carry statutory responsibility for the natural
resources and do not have a large staff of scientific experts (Heath pers.
comm. Department of Agriculture and Food Western Australia 2007).
In 2007 the Natural Heritage Trust 2 program agreed to fund a resource
condition monitoring project to develop a long-term, large scale, strategic
approach to the assessment and monitoring of invasive species in Western
Australia. The project was entitled Resource Condition Monitoring for
Ecologically Significant Invasive Species.

Dryandra Woodland
Photo: J.W. de Milliano (2008)

This project identified and addressed key weaknesses in the State’s capacity
to monitor the threat posed by ecologically significant invasive species. The
invasive species monitoring framework for Western Australia developed
through this project, along with the rationales underpinning the design, are
presented in this report.
This report has two parts, each with a different purpose. Part 1 comprises
three chapters that provide contextual information for the development of
an invasive species monitoring framework (ISM framework) for Western
Australia. It explains some of the concepts, the National Standard and Targets
Framework, the National Monitoring and Evaluation Framework and the
Monitoring, Evaluation, Reporting and Improvement Framework that form the
basis of the ISM framework for Western Australia.

Numbat (Myrmecobius fasciatus) at
Dryandra Woodland
Photo: J.W. de Milliano (2008)

• Chapter 1 defines invasive species and outlines some of the costs
associated with them. It discusses the characteristics of becoming invasive,
explains the terms lag time and sleeper species and outlines some of the
factors that are considered in predicting a species invasive capacity. The
chapter outlines pathways of entry and spread and explains a hierarchical
approach to the management of invasive species.
• Chapter 2 discusses the role of national initiatives and national frameworks
in monitoring and reporting on invasive species.
• Chapter 3 looks at existing management and monitoring activities at
national, state and regional levels.
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Summary
Part 2 consists of four chapters that describe and explain the ISM framework
developed for Western Australia.
• Chapter 4 merges the concepts and approaches to invasive species
management, national Natural Resourced Management (NRM) frameworks,
national indicators, data attributes, species and other recommendations
into a framework for monitoring ecologically significant invasive species in
Western Australia.
• Chapter 5 details how NRM groups can use the ISM framework to collect
data strategically and within the limited resources available to manage NRM
issues.
• Chapter 6 encourages NRM groups to monitor the effectiveness of their
community engagement measures with an awareness–acceptance–action
model. Community engagement in reporting infestations allows managers
to respond quickly to new and emerging invasive species.
• Chapter 7 outlines the best techniques for NRM groups when collecting,
collating, storing and distributing invasive species data.
A list of acronyms and abbreviations is at the beginning of the report and a
glossary of technical or unfamiliar words is placed near the end.
The References list helps the reader to follow up on data presented in the report.

Red Fox (Vulpes vulpes) Photo: A. Woolnough, DAFWA
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Key messages
Under the ISM framework for Western Australia, regional natural resource
management groups and state agencies should adopt the following:
• Categorise invasive species to a prevention,
section 4.1
eradication, containment or management strategy
of the hierarchical approach.
• Use the four State monitoring indicators and the
associated core data attributes.

section 4.2

• Monitor invasive species at 1:25 000 map-sheet tiles
or finer where feasible in the South West region and
at 1:100 000 map-sheet tiles or finer where feasible
in the rangelands.

section 4.2
Bird surveillance
Photo: M. Massam, DAFWA

• Monitor invasive species as frequently as deemed
section 4.2
necessary for regional and local operational priorities.
• Consider monitoring and reporting on ecologically
significant invasive species a regional priority.

section 4.2;
Table 10

• Collect the core data attributes in accordance with
the invasive species management strategies of the
hierarchical approach.

Chapter 5

• Monitor the effectiveness of community
engagement measures with an awareness–
acceptance–action model.

Chapter 6

• Use the Regional Spatial Data Management
Toolkit provided by the Shared Land Information
Platform Natural Resource Management program
to manage data.

Chapter 7

• Lodge data collected at a catchment or regional
level on an Agency based Shared Land Information
Platform server or have the data hosted on the
Shared Land Information Platform Virtual Agency.

Chapter 7
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Introduction
In 2005 Western Australia initiated a project to develop a state-wide framework
for resource condition monitoring to meet its responsibilities under the National
Action Plan and Natural Heritage Trust 2 Bilateral Agreements. In 2007 the
Natural Heritage Trust 2 program agreed to fund this project, ‘Resource
Condition Monitoring for Ecologically Significant Invasive Species’ (RCM project).
The Department of Agriculture and Food, Western Australia’s Invasive
Species Program developed, in consultation with the state Natural Resource
Management office and the Department of Environment and Conservation,
a project plan to manage the implementation of this project. Several priority
areas for investigation were identified:

European wild rabbit
(Oryctolagus cuniculus)
Photo: DAFWA

• Priority area 1: Provide coordination, planning and design for the
development of a framework for resource condition monitoring in relation to
invasive species for Western Australia.
• Priority area 2: Improve data management, quality assurance and data
provision in relation to invasive species.
• Priority area 3: Improve the capacity of regional natural resource
management groups to monitor and report on resource condition targets.
The project addressed these priority areas through several key activities.
First, the project reviewed regional natural resource management strategies,
investment plans and quarterly financial reports (The 2007 review). The 2007
review looked for synergies between regional and state monitoring programs
and national reporting requirements in order to minimise costs and duplication
in efforts. A summary of the 2007 review is included in Appendix I.

Agricultural landscape in the South
West region of Western Australia
Photo: J.W. de Milliano (2008)

Second, full-day workshops were held for each region with participants
from natural resource management groups, DAFWA and Department of
Environment and Conservation. Some workshops had participants from
local governments and non-government organisations. The workshops were
designed to:
• Investigate the degree to which existing natural resource management
projects can help with reporting on indicators of invasive species (National
Land and Water Resources Audit 2007a, 2007b, 2007c, 2007d) and the
manner in which this may be achieved.
• Investigate the alignment between regional invasive species priorities and
national priorities.
• Identify potential monitoring sites for ecologically significant invasive
species.
• Provide guidance to natural resource management groups regarding
monitoring and evaluation components of projects or investment plans.
• Obtain feedback on the major deliverable of this project, an invasive
species monitoring framework (ISM framework) developed to underpin
a long-term, large-scale strategic approach to monitoring ecologically
significant invasive species in Western Australia.
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Introduction
Intended audience
This report is intended for Western Australia’s six natural resource
management groups (Figure 1), government agencies and other bodies
responsible for monitoring and reporting on ecologically significant invasive
species. It documents the work carried out by this resource condition
monitoring project to develop a long-term, large-scale, strategic approach to
the assessment and monitoring of ecologically significant invasive species in
Western Australia. The project identifies and addresses key weaknesses in the
capacity of regional natural resource management groups to monitor threats
from ecologically significant invasive species to the state’s natural resources.

Figure 1. Western Australia’s six natural resource management regions (amended from
Department of Agriculture and Food, Western Australia 2005)
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Part 1: Invasive species – setting the scene
This chapter briefly defines what invasive species are, how they
arrive and why natural resource management (NRM) groups
should invest in managing and monitoring them.
It explains the invasion process, the pathways which invasive
species may follow and the damage they may cause. Four
management strategies – prevention, eradication, containment
and management – are discussed. The difficulties in detection
and intervention of new and emerging invasive species and the
management of widespread and established invasive species
are touched on.

Image credits clockwise from top:
Western Australian landscape
Photo: P. Thomson, DAFWA
Feral donkey (Equus ansinus) control
Photo: DAFWA (1998)
Feral goats (Capra hircus)
Photo: DAFWA (2008)

1. Invasive Species
1.1

What are invasive species?

There are many definitions of the term invasive species. In agriculture, the
emphasis has been to ask whether a species served a useful purpose rather
than being concerned that the species does not naturally occur in the area
(Low 2001). Unwanted species were referred to as pests, weeds, noxious
species or vermin. In the context of the natural environment, the commonly
used terms for invasive species are exotic, alien, non-native or feral. All these
terms indicate the cost that these species carry to things we value such as
agricultural production, biodiversity and social amenity.
In ecological terms, invasive refers to the spread of a non-native species in a
geographical area. In management terms, invasive describes a species whose
introduction, spread and abundance impact on social, environmental and
economic values or has the potential to cause damage.

Starling (Sturnus vulgaris)
Photo: DAFWA

For the purposes of this report, invasive species are defined as those species
that have spread beyond their natural range and cause or have the potential to
cause adverse impacts to social, environmental and economic values.
Native species may also come into conflict with human interests, particularly
when, as a result of being overabundant, they cause adverse impacts on
social, environmental and economic values. Although native species that are
causing problems are not the primary focus of invasive species management,
their impacts may need to be minimised.

1.2

The cost of invasive species

Invasive species introduced from around the world have major impacts on
Western Australia’s plant and animal communities on our farms, in our parks,
waters, forests, coasts and backyards and along our roads and railway
systems. The agricultural costs of weeds to Australia are estimated at $4
billion per annum (Natural Resource Management Ministerial Council 2007b).
In 2004 the negative impacts of eleven of Australia’s widespread pest animals
(wild populations of foxes, pigs, rabbits, mice, goats, carp, dogs, cane toads,
camels, cats and horses) were estimated at over $720 million per annum
(McLeod 2004).
A more recent study of the costs of six groups of species (birds, rabbits, wild
dogs, mice, foxes and feral pigs) estimates the annual total costs to agriculture
at $620.8 million and expenditure on management, administration and research
at $122.7 million. The study concludes that the annual total of $743.5 million
underestimates the impacts of invasive species in Australia as the environmental
and social costs or the broader economic costs of invasive species as
reservoirs for viruses and diseases were not considered (Gong et al. 2009).
Land managers in Australia spend considerable time and money each year
in combating invasive species and protecting ecosystems and primary
production. Their task is not an easy one, considering the continuing increase
of human activities such as trade, travel and tourism and the large number of
species that arrive in Australia and Western Australia.
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1. Invasive Species
1.3

The invasion process

There are four major stages to the invasion process that a species must
pass through to be judged as invasive (Figure 2). These stages are introduction,
colonisation or establishment, naturalisation and invasion (Emerton &
Howard 2008).
• Introduction is the entry of a species into a new territory. Introduction can
be intentional or unintentional (section 1.6).
• Colonisation or establishment occurs when a species survives long
enough in its new habitat to establish a founder population.
• Naturalisation is when the established species starts to spread and
reproduce without assistance.
• Invasion is when the naturalised species spreads to the disadvantage
of other species.

Stage 1

Stage 2

Stage 3

Stage 4

Introduction

Colonisation/
Establishment

Naturalisation

Invasion

Figure 2. Key stages of the invasion process (adopted from Emerton & Howard 2008)

It is often difficult to determine the invasion process stage of a particular
unwanted species. The outer boundaries of the stages are likely to overlap
(Figure 3). Assigning a species to a particular stage of an invasion process
has consequences for the manner in which the species is to be managed
and monitored.

Stage 4
Stage 3
Stage 1

Stage 2

Figure 3. The overlap of the key stages of the invasion process

Ecologically Significant Invasive Species

3

1. Invasive Species
1.4

Lag time and sleeper species

The time between Stage 1. Introduction and Stage 4. Invasion is called lag time
(Wittenberg 2005). It varies because different species need different lengths
of time to get from one stage of the invasion process to another. R -selected
species, such as rabbits, have the ability to reproduce and disperse their
offspring quickly. This results in their quickly moving through the stages of
invasion. K-selected species, such as camels, only produce a small number of
offspring that has a high probability of survival. Population growth of k-selected
species is relatively slow compared to r– selected species and they commonly
take a long time to get through all four stages of the invasion process.
Species that are yet to demonstrate their invasive capacity (Stage 4 of the
invasion process), but are deemed to have the potential to spread and have
adverse impacts, are sometimes referred to as ‘sleeper species’. These
species may appear benign for many years until their spread is triggered by
a natural event such as climate change, flood, fire or drought, or a change in
land or water management, or by reaching a critical population level (Natural
Resource Management Ministerial Council 2007b). Average lag times in excess
of 100 years are not unusual for sleeper species (Wittenberg 2005).

1.5

Predicting invasive capacity

Many factors have a role in predicting whether a species has the capacity to
naturalise and be invasive. Some of the key factors in the prediction of the
invasive capacity of a species are discussed below.
• accurate identification of the species (Emerton & Howard 2008)
• Species that belong to families and genera that have demonstrated their
capacity to naturalise are more likely to naturalise as well (Bomford 2008).
• introduction effort
• The number of colonising individuals is an important factor in determining
whether the colonisation will be successful (Ahlroth et al. 2003; Bomford
2008). Introducing large numbers of animals at different times and
places improves the chances of the species colonising a new area and
establishing self-sustaining populations.
• environmental factors such as climate and ecosystem conditions
• Species introduced to an area with a climate and environmental conditions
similar to its original range have a better chance of establishing a founder
population (Bomford 2008; Emerton & Howard 2008). Other environmental
factors influencing distribution include behaviour, interrelations with other
organisms, temperature, moisture and other physical and chemical factors
such as light, soil structure, water chemistry and water currents (Krebs 1978).
• history of successful colonisation elsewhere
• The history of successful colonisation elsewhere in the world is a good
indicator of the capacity of the species to establish a founder population in
its new area (Bomford 2008, Emerton & Howard (2008).
• rigour of the available information about the species (Emerton & Howard 2008)
• An assessment model is only as good as the data used to populate the
model. According to the Convention on Biological Diversity 1992, lack of
data and scientific uncertainty should be taken into account in assessing
the invasive capacity of species (Secretariat of the Convention on Biological
Diversity 2005).
Ecologically Significant Invasive Species
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1. Invasive Species
1.6	How do invasive species get here?
Many plants, mammals, birds, fish, reptiles and amphibians are introduced
into new areas beyond their natural distribution as a direct or indirect result
of human activity. Others are introduced into new areas through natural
dispersal by the species themselves. Hulme et al. (2008) identified three broad
mechanisms and six ways by which species can be introduced into a new
region. These ways are known as pathways. Only one of Hulme’s introduction
pathways does not involve direct or indirect human assistance (figure 4).
Mechanism 1.
Importation of goods in which species are commodities that are imported or
introduced intentionally.

Red eared slider turtle (Trachemys
scripta elegans) Photo: Dpartment of
Employment, Economic Development
and Innovation, Queensland

• then the species is released by its owner into the wild, for example, the
importation of game animals and plants for nurseries.
• then the species escapes (unintentionally) from captivity, for example, the
escape of aviary birds.
• the goods or commodities are contaminated (unintentionally) with an
invasive species. For example, weed seeds in a grain shipment can be
subsequently introduced into the environment through agricultural activities.
Mechanism 2.

Cane toad (Bufo marinus) hitch hiking
in a pair of shoes Photo: DAFWA

Transport vector, that is, species that are introduced into the environment
unintentionally when attached to a transport vector such as vehicles, ships,
trains and aircraft (stowaway).
Mechanism 3.
Natural spread from a neighbouring region, which follows one of two pathways:
• a corridor pathway in which humans facilitate the natural spread of species
by constructing infrastructure, such as tunnels, canals and bridges. Without
this infrastructure the species would not have been able to spread to a
previously isolated area.
• an unaided pathway in which the species is unintentionally introduced
through natural dispersal.
Understanding the introduction pathways is essential for the early detection of
new and emerging species. Knowledge of invasion pathways allows invasive
species managers such as government agencies, NRM groups and others
a) to target areas at high risk from invasion and b) to provide information to
the community to enhance early reporting. The next section discusses four
strategies to manage invasive species.
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Intentional

Mechanisms for initial
introduction into region

Importation of goods

Unintentional

Transport vector

Pathways

Definition

Examples

Release

Intentional introduction
as goods for release

European Rabbit
(Oryctolagus cuniculus)

Escape

Intentional introduction
but escapes
unintentionally

Escaped
aviary birds

Contaminant

Unintentional
introduction
with specific goods

Weed seeds in
grain shipments

Stowaway

Unintentional
introduction
attached to or within a
transport vector

Marine species in ballast
water; seeds in soil; rats
onboard ships

Corridor

Unintentional
introduction
via human
infrastructures
linking previously
unconnected regions

Skeleton weed (Chondrilla
juncea) spreads by seed
along the railway network;
foxes (Vulpes vulpes)
crossing a bridge to an island

Unaided

Unintentional
introduction
through natural
dispersal across
political borders

Common Starling (Sturnus
vulgaris); Weeds on island
via birds

Natural spread/
dispersal

Figure 4 Introduction pathways (amended from Hulme et al 2008)
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Case Study 1. An invasive species that was illegally imported as a good that
subsequently escaped or was released into the wild
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1.7 	How to manage invasive species?
Four management strategies – prevention, eradication, containment and
management – have been adopted in Australia’s key national invasive species
strategies, the Australian Pest Animal Strategy (Natural Resource Management
Ministerial Council 2007a) and the Australian Weed Strategy (Natural Resource
Management Ministerial Council 2007b). This project adopted guiding
principle 2 of the Convention of Biological Diversity 1992 which advocates a
hierarchical intervention approach for new, emerging and widespread invasive
species (Secretariat of the Convention on Biological Diversity 2005). The four
management strategies are summarised in Table 1.
Strategy 1: Prevention

Bird trap
Photo: A. Woolnough, DAFWA

The Prevention Strategy is considered the most cost-effective and
environmentally desirable approach to stop the introduction of new high risk
invasive species (that is, a species at Stage 1 of the invasion process). In
practice, complete prevention is often impossible, and a risk management
approach is needed to identify and assess risks and the feasibility of managing
the species after introduction. Risk management approaches can also be used
to determine priorities for management. Monitoring and surveillance to confirm
absence, risk and pathway analysis, education and awareness, lists of high risk
species and border controls are important tools to ensure that no new high risk
invasive species are introduced.
Strategy 2: Eradication
The Eradication Strategy involves removing newly-arrived or emerging invasive
species from the wild (that is, a species at Stage 2 of the invasion process).
Early detection through surveillance and monitoring, effective reporting
processes and rapid response are essential to achieve the eradication of
high risk invasive species. While risk analyses provide the justification for the
prioritisation and determination of high risk invasive species, the fundamental
point of this management strategy is rapid response and on-ground action to
eradicate the population(s).
Strategy 3: Containment
The Containment Strategy involves preventing the spread of established
species to new areas (that is, a species at Stage 3 of the invasion process).
This can be done by containing its distribution and/or by limiting the density of
the invasive species. Monitoring should focus on how the containment strategy
affects the distribution and abundance of the species. That is, the monitoring
aims to track management actions and investment.
Strategy 4: Management
The Management Strategy aims to minimise the overall adverse impacts of
widespread and abundant invasive species throughout their potential range
rather than attempting to manage the invasive species population itself.
Asset-based approaches are commonly adopted to deal with invasive species
at Stage 4 of the invasion process. This strategy is sensitive to the scale of
management.

Ecologically Significant Invasive Species

8

1. Invasive Species
The focus of monitoring and surveillance activities is on monitoring the threat
to, and impacts on, a priority asset rather than on monitoring populations.
Assets can be of a social, environmental or economic nature, for example,
removing blackberries (Rufus fruticosus L. agg) along the river to enhance
water quality (social asset), habitat protection for the critically endangered
western swamp tortoise (Pseudemydura umbrina) (environmental asset) or
increased lamb production as a result of reduced predation by foxes (Vulpes
vulpes) (economic asset).
Table 1. Managing invasive species – aligning the invasion process (Emerton & Howard
2008) with the hierarchical approach (Secretariat of the Convention on Biological
Diversity 2005)

Invasion
process

Stage 1.
Introduction

Management
strategy

Aim of the
strategy

1. Prevention

Stopping
introductions

No new high risk
invasive species
are introduced.

2. Eradication

Eradicating a new
population

Identified high
risk invasive
species are
eradicated.

3. Containment

Stopping a new
population from
spreading

Priority
established
invasive species
are contained.

4. Management

Protecting assets

The negative
impacts of
invasive species
on priority assets
are minimised;
habitat and
agricultural
productivity
are protected;
amenity
appreciation is
enhanced.

The species is
absent.
Stage 2.
Colonisation/
Establishment
The species
has established
a founder
population(s).
Stage 3.
Naturalisation
The species
is starting to
spread and
establish multiple
populations.
Stage 4. Invasion

Intermediate
outcomes

The species has
demonstrated its
invasive capacity
and is impacting
on assets
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2. National initiatives and frameworks
This chapter describes the role of national NRM frameworks
and the National Land and Water Resources Audit (NLWRA)
in shaping monitoring and reporting on ecologically significant
invasive species in Western Australia. It describes national
NRM frameworks for monitoring, evaluation and reporting
and the information that is needed to monitor and report on
invasive species.
2.1 	National NRM frameworks for monitoring,
evaluation and reporting
Significant amounts of funding have been invested by national, state and
territory government to address NRM issues across Australia. The most
significant initiatives include the Natural Heritage Trust and the National Action
Plan for Salinity and Water Quality.

Wild dog (Canis Lupus dingo x Canis
lupus familiaris) collaring
Photo: DAFWA

The Natural Resource Management Ministerial Council (NRMMC) was
established in 2001 by agreement of Australian federal, state and territory
governments. The objective of this council is ‘to promote the conservation and
sustainable use of Australia’s natural resources’ (<www.mincos.gov.au>).
In 2003, the NRMMC endorsed the National Natural Resource Management
Monitoring and Evaluation Framework (National M&E Framework) and the
National Framework for Natural Resource Management Standards and Targets
(National S&T Framework). These two documents were replaced in early 2009
by the National NRM Monitoring, Evaluation, Reporting and Improvement
Framework (MERI Framework).
National Monitoring and Evaluation Framework
The National Monitoring and Evaluation Framework was established by the
NRMMC in 2002–2003. It provided all 56 NRM groups in Australia (Figure
5) with a general monitoring and evaluation framework for their activities.
This framework was intended to assess the health of Australia’s land, water,
vegetation and biological resources, to evaluate the performance of national
programs, strategies and policies that manage these resources, and to
determine future management priorities (Natural Resource Management
Ministerial Council 2003b).
The National M&E Framework was based on a logic model in which shortterm actions produce outputs which were designed to achieve intermediate
outcomes over three to five years (Management Action Targets). These targets
were intended to lead to improvements in resource condition (Resource
Condition Targets). The logic predicted that these improvements in resource
condition would eventually lead to long-term change in the condition of natural
resources (<www.nrm.wa.gov.au> and <www.nrm.gov.au>).
The logic of Monitoring and Evaluating NRM activities and the resource
condition has been reviewed, enhanced, refined and taken forward into the
MERI Framework (Commonwealth of Australia 2009).
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Figure 5. The 56 NRM regions across Australia (Australian Government Department of the
Environment and Heritage)

National Framework for Natural Resource Management Standards
and Targets
The National S&T Framework was established at the same time as the National
M&E Framework by the NRMMC. This framework was designed to specify
national natural resource outcomes (Table 2) and national standards to define
best practice management of natural resources. It also outlined 10 matters for
which Australia’s NRM regions had to set long-term Resource Condition Targets
(RCT) and three matters for which Management Action Targets (MAT) had to be
set (Table 3). These matters are referred to as Matters for Targets (MfT).
The 2009 MERI Framework recognised the need to set targets and brought
this National M&E concept forward into the new structure. Under MERI,
aspiration targets, longer-term targets and immediate to intermediate targets
must set by NRM groups when establishing program plans (Commonwealth of
Australia 2009).
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Table 2. National outcomes set by the National Framework for NRM Standards and
Targets (Natural Resource Management Ministerial Council 2003a)

1. The impact of salinity on land and water resources is minimised,
avoided or reduced.
2. Biodiversity and the extent, diversity and condition of native ecosystems
are maintained or rehabilitated.
3. Populations of significant species and ecological communities are
maintained or rehabilitated.
4. Ecosystem services and functions are maintained or rehabilitated.
5. Surface and groundwater quality is maintained or enhanced.
6. The impact of threatening processes on locations and systems which
are critical for conservation of biodiversity, agricultural production, towns,
infrastructure and cultural and social values is avoided or minimised.
7. Surface water and groundwater are securely allocated for sustainable
production purposes and to support human uses and the environment,
within the sustainable capacity of the water resource.
8. Sustainable production systems are developed and management
practices are in place which maintain or rehabilitate biodiversity and
ecosystem services, maintain or enhance resource quality, maintain
productive capacity and prevent and manage degradation.

Table 3. Matters for which regional targets must be set (Natural Resource Management
Ministerial Council 2003b)

Resource Condition Targets

1. Land salinity
2. Soil condition
3. Integrity of native vegetation communities
4. Inland aquatic ecosystems integrity (rivers and other wetlands)
5. Estuarine, coastal and marine habitats integrity
6. Nutrients in aquatic environments
7. Turbidity/suspended particulate matter in aquatic environments
8. Surface water salinity in freshwater aquatic environments
9. Significant native species and ecological communities
10. Ecologically significant invasive species
Management Action Targets

1. Critical assets identified and protected
2. Water allocation plans developed and implemented
3. Improved land and water management practices adopted
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Natural Resource Management Monitoring, Evaluation, Reporting and
Improvement Framework (MERI Framework)
The Monitoring, Evaluation, Reporting and Improvement (MERI) Framework
provides ’… a generic framework for monitoring, evaluating, reporting on and
improving Australia’s approach to managing key assets’ (Commonwealth of
Australia 2009). Its purpose is:
• to explain the overarching conceptual framework for evaluating NRM
programs with an emphasis on learning, improvement and accountability
(Commonwealth of Australia 2009)
• to guide the development and implementation of program-level and
investment-level evaluation plans (Commonwealth of Australia 2009).

Feral camel collaring
Photo: R. Parr DAFWA (2008)

The MERI Framework replaces the National M&E and the National NRM S&T
Frameworks. The MERI Framework uses logic or theory of change to guide
action and an asset-based approach to conserve, repair and replenish natural
resources (Commonwealth of Australia 2009).

2.2 	National Land and Water Resources Audit
The NLWRA was established under the Natural Heritage Trust Act in 1997
to collect data on the status of Australia’s natural resources and to improve
national, state and regional decision making on natural resource management
issues. This was to be achieved by the provision of data and information,
by undertaking a nation-wide assessment of natural resources and by
establishing a nationally-coordinated approach to NRM (National Land and
Water Resources Audit 2005a, b).

Feral Camels (Camelus dromedarius)
Photo: DAFWA

The NLWRA also led to the formation of two National Coordinating
Committees. The Australian Weeds Committee (AWC) provides policy
development and support for all aspects of invasive plant issues across
Australia to the Natural Resource Management Standing Committee and
has representatives from all states and territories and the Commonwealth
(Australian Weeds Committee 2009). The Vertebrate Pests Committee (VPC)
is an Australasian committee whose role is to provide coordinated policy and
planning solutions to invasive animal issues (<www.feral.org.au>). All states and
territories and the Australian and New Zealand governments have membership.
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2.3 	National Indicators from the Australian Weeds Committee
and the Vertebrate Pests Committee
The AWC and the VPC recommended national indicators for weeds and
vertebrate pests (Table 4) under the National M&E Framework for use at a state
and national level (National Land and Water Resources Audit 2007a, 2007b,
2007c, 2007d).
Table 4. Overview of themes, Matter for Target and recommended National Indicators
from Australian Weeds Committee and Vertebrate Pests Committee

Topic

Invasive Species

Theme

Matter for target

Recommended National Indicators

Weeds

Ecologically significant
invasive species

Extent, density and distribution
of weeds
Impact of weeds on assets
Extent of active management

Vertebrate
pests

Ecologically significant
invasive species

Distribution and abundance
of significant invasive
vertebrate pests
Extent and impact of selected
significant invasive vertebrate
pests (not yet endorsed)

2.4

Data attributes from the Australian Weeds Committee and
the Vertebrate Pests Committee

The AWC and VPC also recommended data attributes to report on the national
indicators for weeds and vertebrate pests (National Land and Water Resources
Audit 2007a, 2007b, 2007c, 2007d).
Data attributes for extent, density and distribution of weeds
Table 5 outlines the data attributes identified by the AWC to describe the
national indicator of extent, density and distribution of weeds.
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Table 5. Data attributes for the national indicator of extent, density and distribution of
weeds (National Land and Water Resources Audit 2007a)

Data attribute

Species occurrence

Ways to record

Present
Absent
Unknown

Distribution

Localised

Widespread

Unknown/absent

Abundance (density of a
population)

Occasional

Common

Abundant

Unknown

Species exists in the
defined area.
Species does not exist in the
defined area.
Not known or data collectors
are unsure whether the species
exists in the defined area.
Species is distributed in a
lumped pattern in less than
50% of the defined area.
Species is distributed widely
across more than 50% of the
defined area.
Distribution is not known or
the information is too limited
to determine.
Invasive species is of low or
scattered density (few or rare
reports of the pest)
Invasive species is of medium
density (pest is seen at most
times of the year, frequently
reported).
Infestations are of high density
(many reports of the invasive
species, the invasive species is
nearly always seen, sightings
are reliable and evidence exists
of high abundance)
Unsure or no information

Density (a combination
of distribution and
abundance attributes)

Occasional and localised
Occasional and widespread
Common and localised
Common and widespread
Abundant and localised
Abundant and widespread

Trend information

Increasing

This data attribute refers
to changes over time.
A grading system is used
to indicate trend.

Decreasing
Stable
Unknown

Ecologically Significant Invasive Species

Invasive species is increasing in
density/distribution.
Invasive species is decreasing
in density/distribution.
No change in population
density or abundance.
Unsure or no information
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Data attributes for impact of weeds on assets
The AWC state that ’… methods for monitoring impacts will vary with species,
environment and impact type’ and that ’… monitoring impacts on a local or
regional scale should use techniques from benchmark studies; these include
Adair and Groves (1998), AEC group (2002), Groves et al. (2003), Sinden et
al. (2004), Coutts-Smith and Downey (2006), and Page and Lacey (2006)’
(National Land and Water Resources Audit 2007c).
The AWC therefore recommends a ’… case-study approach to impact
monitoring’ (National Land and Water Resources Audit 2007c). Table 6 outlines
the data attributes that are required to describe the national indicator of impact
of weeds on assets.

Blackberry (Rubus fruticosus L. Agg)
on river bank
Photo: A. Reeves, DAFWA

Table 6. Data attributes to describe the national indicator of impact of weeds on assets
(National Land and Water Resources Audit 2007c)

• Location of the area monitored
• Weed species involved
• Method involved in monitoring
• Type of impact and
• Extent of the of impact (this can be qualitative or quantitative or a
combination of the two)
• Area likely to be impacted by the weeds species
• Period and duration of the impact
• Likely consequences of no action
Data attributes for extent of active management
This indicator and proposed data attributes are yet to be endorsed by the
National Land and Water Resources Audit Advisory Council. The data
attributes proposed to describe the national indicator of extent of active
management (National Land and Water Resources Audit 2007b) are
described in Table 7.
Table 7. Data attributes to describe the national indicator of extent of active management
(National Land and Water Resources Audit 2007b)

1. Area and density of weeds under active management
2. New incursions of significant weeds
Data attributes for distribution and abundance of significant invasive
vertebrate pests
Table 8 outlines the data attributes identified by the VPC to describe the
national indicator of distribution and abundance of significant invasive
vertebrate pests.
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Table 8. Data attributes to describe the national indicator of distribution and abundance
of significant invasive vertebrate pests (National Land and Water Resources Audit 2007d)

Data attribute

Species occurrence

Ways to record

Present
Absent
Unknown

Distribution

Localised

Widespread

Unknown/absent

Relative abundance
(density of a population)

Occasional.

Common

Abundant

Unknown
Trend information
This data attribute refers
to changes over time. A
grading system is used to
indicate trend:
Data quality
Information on the
quality of the data for the
invasive species should
be recorded. A grading
system or classification is
used.

Increasing
Decreasing
Stable
No data
Low
Medium

High

Ecologically Significant Invasive Species

Species exists in the defined
area
Species does not exist in the
defined area
Not known or data collectors
are unsure whether the species
exists in the defined area.
Species is distributed in a
lumped pattern in less than
50% of the defined area.
Species is distributed widely
across more than 50% of the
defined area.
Distribution is not known or
the information is too limited to
determine.
Invasive species is of low or
scattered density (few or rare
reports of the pest)
Invasive species is of medium
density (pest is seen at most
times of the year, frequently
reported)
Infestations are of high density
(many reports of the invasive
species, the invasive species is
nearly always seen, sightings
are reliable and evidence exists
of high abundance)
Unsure or no information
Invasive species is increasing in
density/distribution
Invasive species is decreasing
in density/distribution
No change in population
density or abundance
No information about
data quality
Anecdotal data, ad-hoc
sources and incidental reports
Expert opinion from local
specialists providing general
knowledge
Scientific data from recognised
field sampling surveys
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Data attributes for extent and impact of selected significant invasive
vertebrate pests
The VPC recommends that accurate and detailed information on the social,
environmental and/or economic impacts of selected significant invasive
vertebrate pests is collected for selected priority assets using a case study
approach. Table 9 outlines the type of information that an impact case study
for vertebrate pests should contain.
Table 9. Information that an impact case study for vertebrate pests should contain
(National Land and Water Resources Audit 2007e)

Data attributes to describe the national indicator of impact of weeds on assets

• Project summary information such as definition of problem,
invasive species, location, management program
• Information on monitoring methodology
• A results section
• An outcomes section

2.5

Monitoring scale and frequency

The VPC (National Land and Water Resources Audit 2007d) and the AWC
(National Land and Water Resources Audit 2007a, 2007b, 2007c) recommended
monitoring at the regional and local level, the state and territory level and the
national level. A minimum monitoring scale was recommended for the state
and territory (property level or 50 km grids) and national levels (1:100,000 mapsheet tiles or 50 km grids). The recommendation for regional level was that the
monitoring scale should be determined by regional and local operational activities.
Figure 6 shows how map-sheet tiles can be combined to larger scale tiles. This
approach can be used to aggregate regional level maps into national level maps.

1:100 000

1:50 000

1:25 000

1:10 000

Figure 6. Map-sheet tiles
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The VPC (National Land and Water Resources Audit 2007d) and the AWC
(National Land and Water Resources Audit 2007a, 2007b, 2007c) have
recommended frequencies for monitoring trends in distribution and abundance
of invasive animals and weeds at regional, local, state and territory levels.
The recommended minimum frequencies for monitoring distribution and
abundance of vertebrate animals and weeds at the state and territory level are:
• annually for new incursions of species
• two to three years for emergent species
• four to five years for established species
At a regional and local level the VPC and AWC recommend that monitoring ‘…
should occur as frequently as deemed necessary to meet [regional and local
operational] priorities’ (National Land and Water Resources Audit 2007a, 2007d).

2.6

Species recommended for monitoring and reporting

The VPC and the AWC in consultation with the states and territories identified
and listed priority species of ecological significance (Table 10 – in no particular
order). These lists of ecologically significant invasive species (ESIS) reflect
national, state and territory priorities for invasive species management and
form the basis for monitoring and reporting on the national indicators.

Alligator weed
(Alternanthera philoxeroides)
Photo: DAFWA (1998)

Table 10. List of ecologically significant invasive species

Vertebrate pest animals
of national significance

European wild rabbit
(Oryctolagus cuniculus)
Feral horse
(Equus caballus)
Feral donkey (Equus
asinus)
Feral goat (Capra
hircus)
Feral pig (Sus scrofa)
European red fox
(Vulpes vulpes)
Dingo/feral/wild dog
(Canis lupus dingo x
Canis lupus familiaris)
Feral cat (Felis catus)
European or common
starling (Sturnus
vulgaris)
Cane toad (Bufo
marinus)
Feral camel (Camelus
dromedarius)

Weeds of national significance (WoNS)

Prickly acacia (Acacia nilotica subsp. Indica)
Alligator weed (Alternanthera philoxeroides)
Pond apple (Annona glabra)
Bridal creeper (Asparagus asparagoides)
Cabomba (Cabomba caroliniana)
Boneseed (Chrysanthemoides monilifera subsp.
Monilifera)
Bitou bush (Chrysanthemoides monilifera subsp.
Rotundata)
Rubber vine (Crypyostegia grandiflora)
Hymenachne (Hymenachne amplexicaulis)
Lantana (Lantana camara)
Mimosa (Mimosa pigra)
Chilean needle grass (Nasella neesiana)
Serrated tussock (Nassella trichotoma)
Parkinsonia (Parkinsonia aculeate)
Parthenium weed (Parthenium hysterophorus)
Mesquite (Prosopis spp.)
Blackberry (Rubus fruticosus L. agg)
Willows except Weeping Willow, Pussy Willow and
Sterile Pussy Willow (Salix spp.)
Salvinia (Salvinia molesta)
Athel Pine (Tamarix aphylla)
Gorse (Ulex europaeus)
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3. Management and monitoring activities
and information management systems –
national, state and regional
This chapter describes the existing invasive species
management and monitoring activities undertaken by NRM
groups and government agencies at national, state and regional
levels. Key gaps in invasive species management plans and
strategies that guide action at national, state and regional level
are highlighted. The ability of NRM groups to set appropriate
targets and invest in management and monitoring activities
is also discussed. The chapter concludes by examining the
extent to which existing state and regional activities a) address
the national priorities, b) align to the management strategies
advocated by the hierarchical approach and c) contribute to
reporting on the national indicators.

Wallaby at Dryandra Woodland
Photo: J.W. de Milliano (2008)

3.1 	 Plans and strategies for investment planning
and management
State and local governments, NRM groups, community groups and land
managers invest in controlling invasive species populations. Plans, strategies
and legislation have been developed at national, state and regional levels to
guide this investment.
Table 11 provides an overview of the key plans and strategies for invasive
species that have been developed at national, state and regional levels.
These documents set out the directions, priorities for investment, investment
and management principles and outline the roles and responsibilities of land
managers in managing the threat posed by invasive species.
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Table 11. Overview of key invasive species management plans and strategies at national,
state and regional levels

Scope
Scale

Natural Resource
Management

Invasive Species
Management

Invasive
Species

National

National Strategy for
the Conservation of
Australia’s Biological
Diversity
National Rangelands
Guidelines
National NRM
Statement
New Australian
Animal Welfare
Strategy
National M&E
Framework

Australian Pest
Animal Strategy
Australian Weeds
Strategy
Australian
Biosecurity
System for Primary
Production and the
Environment

Threat abatement
plans (feral goats,
feral rabbits,
European Red Fox,
feral cats, feral pigs)
Model Codes
of Practice (and
Standard Operating
Procedures) for the
Humane Control of
Pest Animals
Weed management
guides for Weeds
of National
Significance
(WoNS), priority
environmental
weeds, Weed Alert
Lists
Best Practice
Management
Guides for
Environmental
Weeds

State

Western Australian
Biodiversity Strategy
(draft)
State Natural
Resource
Management Plan
(draft)

State Weed Plan
Good Neighbour
Strategy (DEC)

Wild dog
management
strategy
Starling
management
strategy
Cane toad strategy
Rainbow lorikeet
strategy

Regional

Regional NRM
Strategy and
Investment Plans
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The 2007 review undertaken as part of this RCM project revealed a number of
gaps at the state and regional levels. Notable gaps are:
• the lack of a state vertebrate pest management strategy and an overarching
state invasive species management strategy to outline state priorities,
investment principles and roles and responsibilities of land managers
• the lack of regional invasive species management plans
• the small number of specific management strategies for individual invasive
species at the state and regional level. Currently species-specific strategies
are limited to a few high profile species, such as wild dogs, starlings,
cane toads and rainbow lorikeets, but most invasive species lack a
management strategy.
These gaps in directions may have led to NRM groups developing their own
prioritisation processes and having to make a number of assumptions in
setting their long-term Resource Condition. Table 12 summarises the RCTs set
by Western Australia’s NRM groups and highlights the assumptions that were
commonly made in setting these targets. Appendix 1 provides a summary of
the key findings of the 2007 review.
Table 12. Resource Condition Targets

NRM region

Resource Condition Target

Assumptions

Metropolitan
NRM region

Reduction in impact of
regionally significant invasive
species by 2025, specifically:
– There will be no new
invasive species (based on
the 2005 invasive species
list) established in the
region by 2025
– 10% reduction in the
presence of invasive
species in locally
significant natural areas
based on 20 nominated
natural area initial
assessment sites x 10
invasive species by 2025

Pathways of spread are
identified and understood for
the target species.
Sufficient capacity is available
to monitor and manage the
target species.

Avon
NRM region

A 50% reduction in the
economic and environmental
impacts of all priority animal
and plant pests across the
region by 2014

Baseline information on the
extent of the infestation is
available and/or documented.
Damage thresholds of the
target species are know and
understood.
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NRM region

Resource Condition Target

Assumptions

South Coast
NRM region

Reduction in extent and
impact of ecologically
significant invasive species by
2025, with quantifiable target
set by December 2008

Baseline information on the
extent of the infestation is
available and/or documented.
Damage thresholds of the
target species are know and
understood.

South West
NRM region

No new ecologically
significant invasive species
established in the region by
2020 (via ‘early detection’
approach)

Pathways of spread are
identified and understood for
the target species.
Sufficient capacity is available
to monitor and manage the
target species.
Baseline information on the
extent of the infestation is
available and/or documented.

Rangelands
NRM region

Control and manage the
abundance and distribution
of ecologically significant
invasive or pest species
by 2025 and limit new
occurrences or introductions

Pathways of spread are
identified and understood for
the target species.
Sufficient capacity is available
to monitor and manage the
target species.
Baseline information on the
extent of the infestation is
available and/or documented.

Northern
Agricultural
NRM region

A 90% reduction in the
rate of new introductions
of ecologically significant
invasive species achieved by
2026

Pathways of spread are
identified and understood for
the target species.
Sufficient capacity is available
to monitor and manage the
target species.
Baseline information on the
extent of the infestation is
available and/or documented.
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and information management systems –
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3.2 	National information management systems
In Australia a number of information management systems have been
developed, or are under development, by governments to manage information
and to deliver information products to decision-makers, including NRM groups.
One of these systems is the Australian Natural Resources Atlas (the Atlas). The
Atlas is accessible at <www.anra.gov.au>.
The Atlas was developed by NLWRA to provide natural resources managers
with online access to NRM information and maps to support decision making.
One of its facilities, the Australia’s Resources Online, is no longer available
due to the completion of the NLWRA. The theme reports can now be viewed
directly in the Map Viewer facility or sourced through the Australian Natural
Resources Data library.
Another significant information management system under development
is the Biosecurity Surveillance Incident Response and Tracing application
and database (BioSIRT). BioSIRT is a spatial and textual, web-based
software application that has been developed by the Commonwealth, state
and territory governments for biosecurity purposes. Although it focussed
initially on animal and plant health only, it has been extended to include the
management of invasive plant and vertebrate animal species. It aims to enable
better management of information and resources in emergency responses
and routine activities (<www.daff.gov.au>). A node of the BioSIRT database
is currently being established in each jurisdiction, including the Australian
Government (through the Department of Agriculture, Fisheries and Forestry).
Standard national templates for the collection of data (including for invasive
species surveillance and management) using the BioSIRT application is being
developed as part of the national BioSIRT program.
A third system is the Australian Collaborative Rangelands Information System
(ACRIS). ACRIS collates and reports on rangeland information from state,
Northern Territory and Australian government agencies and other sources
(<www.environment.gov.au>). The rangelands cover approximately 75 percent
of the Australian continent and supports provides some of the least disturbed
landscapes in Australia (Bastin and ACRIS Management Committee 2005).
ACRIS provides a mechanism to monitor, document, report on and understand
changes in the rangelands so that land managers can maintain or improve the
condition of natural resources (Bastin and ACRIS Management Committee
2005). For more information on ACRIS go to
<http://www.environment.gov.au/land/rangelands/acris/index.html>.
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and information management systems –
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3.3

State information management systems and services

Western Australia has a number of established databases that are used to
collate information on the distribution, abundance and management of invasive
species. The state-level information management systems are undergoing
continued development and have potential to support a wide range of users,
including NRM groups. Not all these databases are for public access – some
have private information such as names and contact details.
DAFWA offers a range of services and databases that provide and capture
information on invasive species including:
• Pest and Disease Information Service (PaDIS) is a freecall service for
providing information and reporting on and recording occurrences
of exotic invasive plants and animals that look suspicious or out of
the ordinary. All contacts with PaDIS are recorded, archived and
summarised on the department’s information system called Agline.
See <http://www.agric.wa.gov.au/PC_92834.html?s=1980799916>.

Landscape infested with Prickly acacia
(Acacia nilotica subsp. Indica)
Photo: DAFWA

• Plant and animal identification services are provided to the general public
and commercial enterprises. Information relating to the voucher and
specimen are collected and recorded and the information is shared with
the Herbarium (plants) and Western Australian Museum (animals).
• Weed Watcher is a web-based system open to the general public
for the recording and reporting on weed infestations.
See <http://www.agric.wa.gov.au/PC_93267.html>.
• Red Card for Red Fox Database is a database for reporting and recording
fox occurrences and bait sales.
• Starlings Database is a tool for recording and reporting on occurrence and
on-ground eradication activities.
• Skeleton Weed Database is a tool for recording and reporting on inspections,
on-ground treatment activities and infestations of Skeleton Weed.
• Inspection, Quarantine and Compliance is an application developed
to enable the maintenance of regulatory inspection data. It contains
information on declared plant infestations and declared animal
occurrences. Inspection, Quarantine and Compliance replaces the field
reporting system previously used by DAFWA biosecurity staff.
• Rainbow Lorikeet Database is an online and cross-tenure system that
is open to the general public tor record and report on Rainbow Lorikeet
occurrences.
• Surveys of Institutional Knowledge are one-off surveys carried out between
2002 and 2003 (vertebrate animals) and between 2006 and 2008 (weeds)
to report information on the distribution and abundance of ecologically
significant invasive species. These surveys formed part of Western
Australia’s contribution to the National Land and Water Resources Audit.
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• Shared Land Information Platform, NRM portal, was established following
recommendations by the Department of Treasure and Finance that
government agencies and the broader community would significantly
benefit from a single online real-time point-of-entry to land and
property information held by various government departments
(https://www2.landgate.wa.gov.au/). The SLIP provides access to spatial
data through portals that focus on specific areas such as NRM and
Emergency Management. NRM (spatial) information products can be
accessed through the NRM Info Portal at http://spatial.agric.wa.gov.au/slip/.
Department of Environment and Conservation information services include:
• Herbarium of Western Australia’s Florabase delivers the latest authoritative
information about Western Australian flora in an accessible and interactive
manner. FloraBase provides botanical information on all Western
Australian vascular plant families, genera and species (native and
introduced) as well as identification tools, photos, maps, a database of
botanical literature and (for registered users) the collecting details of over
700,000 vouchered herbarium specimens from across the State.
See http://florabase.calm.wa.gov.au/.
• NatureMap ‘... provides targeted species information through its online
spatial analysis tool. NatureMap currently provides access to nearly a
million records of information for over 18,000 taxa, from both vouchered
and unvouchered sources’ (Department of Environment and Conservation
2007). NatureMap draws on a range of databases including the WA
Museum Specimen database, WA Herbarium Specimen database and the
WA Threatened Fauna database at <www.naturemap.dec.wa.gov.au/>.
Other relevant resources to monitoring activities include:
• Birds Australia’s Birdata Gateway is a Birds Australia initiative that
provides interested parties with a platform for centralised access to bird
data such as the Atlas of Australian Birds and the Nest Record Scheme
(<www.birdata.com.au>).
The ability of these information management systems to contribute to reporting
on the national indicators was also investigated. All systems captured some
distribution and abundance information, commonly in the form of presence/
absence and often as point data. A few systems recorded some information
that could be used to report on impacts, with some additional systems having
the potential to be enhanced to allow for this reporting to occur. Only a few
systems recorded information on the extent of active management. Table 13
describes some of the key information management systems by indicating
their alignment to the national indicators of distribution and abundance, impact
and extent of active management. It also highlights some of the key strengths,
weaknesses and opportunities these information management systems.
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Table 13. Existing state-wide monitoring activities

Indicators

Y = yes

1. Abundance and distribution

N = no

2. Impacts

? = unknown or uncertain

3. Extent of active management
Monitoring
Program/
process

P = potentially, enhancements required

Indicator
1

2

3

Inspection,
quarantine and
compliance
(field reporting
system)

Y

P

Y

Western Shield
– the Fauna
File

Y

Y

Y

WA Herbarium
plant
census data
(Florabase)

P

AGline

P

P

Vertebrate
Contact
Database

P

P

Weeds Contact
Database

P

P

plant/animal
identification
service

P

P

Strengths

Weaknesses and threats

Opportunities

Property based data
Any declared pest species

Property based data is also a
weakness because of privacy and
scale issues.
On-going sampling though the
Compliance Program within the
agricultural zone focuses on
problem areas, rather than a
systematic or random sampling
approach that may facilitate the
detection of species in new areas.
Field inspections of properties
continue, although summary map
products are not maintained.

Enhance reporting capability of IQC
interface.

Foxes and cats are monitored
through four research projects
conducted by DEC Science Division.

The Fauna File is not directly
linked to the Client & Resource
Information System (CRIS).
However, the data is available to
DAFWA.
Limited focus (only on foxes and
feral cats on public lands.)
No information on impacts of these
species on private lands.

This program has a well
established monitoring program.

Widely accepted as an
authoritative data source for plants

Florabase is not directly linked
to CRIS. However, the data is
available to DAFWA..

Facilitates early detection of new
incursions and/or spread.
Call details are automatically
logged to the DAFWA CRIS system
for mapping to properties and
existing contact parties where
possible.

Only as good as the data provided;
data quality also depends on the
skills of the operator and level of
detail in information collected.
Database currently only records
limited information provided by
callers.
Multiple Contact Databases
perform similar functions.
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Monitoring
Program/
process

Indicator
Strengths

Weaknesses and threats

Sample design and the collection
of property-scale information in
the Institutional Knowledge survey
design allows for comparisons
between monitoring initiatives.
The Surveys include the primary
species throughout Western
Australia in agricultural and
pastoral zones.
The methods are comparable and
facilitate comparison between all
states and territories.
Information collated through the
Survey of Institutional Knowledge
provides a descriptive account
of distribution and abundance;
can detect, report and respond to
changes in species distribution and
abundance.

One-off project
The Institutional Knowledge
survey design presents subjective
estimates of species distribution
and abundance that may require
validation.
The use of a property-based
system created some issues of
scale regarding the privacy of
individual landholders. Information
collected was therefore converted
to a larger (10 km) grid for map
production.
Difficult to rely on maps for
management decisions as data is
at least 5-7 years old. No groundtruthing makes false negatives of
particular concern (e.g. in exotic
disease emergencies).

Opportunities

1

2

3

Surveys of
Institutional
Knowledge

Y

Y

Y

Aerial surveys
of rangelands

Y

Birdata
(gateway to
Birds Australia
data including
Atlas of
Australian
Birds and
Nest Record
Scheme)

Y

Birdata can be used to draw bird
distribution maps and generate
bird lists for any part of Australia.
Members can submit survey
information online.
Input by general community
Some Atlas sites are visited
repeatedly, building up a picture of
the bird fauna over time
Reporting rates provides an
indication of how common or
visible a species is in a grid cell.

Mainly presence/absence data;
some surveys include estimates of
abundance.

Link atlas data to CRIS and/or
SLIP.

Lorikeet DB

Y

Provides an avenue for early
detection.
Facilitates community involvement.

Limited up-take by users to-date.

Formalise a network of weed
spotters and provide state-wide
coordination.

Weed Watcher

Y

Provides an avenue for early
detection.
Facilitates community involvement.

Limited up-take by users to-date.

Formalise a network of weed
spotters and provide state-wide
coordination.

Skeleton Weed
Database

Y

Provides an avenue for early
detection.

Available internally to DAFWA staff
only.

Red Card for
Red Fox

Y

Provides an avenue for early
detection.

Limited up-take by users to-date.

Starlings
Database

Y

Provides an avenue for early
detection.

Available internally to DAFWA staff
only.

Y

To use the Survey of Institutional
Knowledge approach as the
foundation for an ongoing State
wide monitoring framework

No information on impact

Ecologically Significant Invasive Species

28

3. Management and monitoring activities
and information management systems –
national, state and regional
3.4 	Regional investment in management and monitoring
Besides government and other private investors, NRM groups are also taking on an increasing leadership role in
managing, monitoring and reporting on invasive species at the regional level. This commitment is reflected in their
regional NRM strategies and investment plans which were reviewed by the 2007 review. Appendix 1 provide a summary
of the key findings of this review.
The 2007 review revealed that regional NRM invasive species projects have a strong focus on protecting assets from
widespread and established pests on the one hand, and on managing widespread and established pests at the
interface of public and private lands on the other. Investment in reducing the risk to their region of new and emerging
species is mostly limited to a number of weed species. However, the revised Resource Condition Targets (RCTs) indicate
that NRM groups intend to shift their focus to new and emerging species. Four out of six NRM groups in Western
Australia have revised RCTs that include prevention of new incursions.
Interestingly, the 2007 review also revealed that the majority of the larger scale invasive species NRM projects are
delivered by state agencies, especially DEC and DAFWA. The smaller projects are either delivered by the NRM groups
themselves or in partnership with shires, local non-government organisations or community groups.
Most of the NRM invasive species projects have monitoring components. However, the purpose of the monitoring
appears to be assessing project delivery rather than broad-scale surveillance or monitoring resource condition.
Table 14 provides an overview of the invasive species targeted by NRM invasive species projects and highlights the
related management goals, the link to the national indicators for monitoring invasive species, the project service
deliverers and authoritative data sources for monitoring data.
Table 14. Overview of invasive species targeted for control and monitoring by NRM groups

Management Goal

Indicator

Legend

1. Prevention and early intervention
of new and emerging species in
the region
2. Eradicate from region
3. Asset protection

1. Abundance and Distribution
2. Impact
3. Extent of Active Management

Y = yes

NRM region

Perth
Metropolitan

Avon

Species targeted

Foxes
6 priority weeds Including
Haas Grass, White
Weeping Broom

N = no
i = unknown or insufficient data
P = potentially, enhancements required

Monitoring

Management
goal

1

2

3

3

i

i

i

DEC

DEC database

1,2,3

Y

Y

Y

DEC

DEC database

Service deliverer

Data source

to be linked with Florabase

Priority weeds

3

i

i

i

Rabbits

3

i

i

i

Private contractor

Town of Cottesloe

Foxes

3

P

P

Y

Red Card for Red Fox
coordinator

Red Card for Red Fox
database

Shire of Quairading
Priority weeds

3

Y

N

Y

Avon NRM Group

Avon NRM database

Bridal Creeper
Ecologically Significant Invasive Species

29

3. Management and monitoring activities
and information management systems –
national, state and regional
NRM region

South Coast

Species targeted

Feral pigs
Foxes

Monitoring

Management
goal

1

2

3

2, 3

P

P

Y

DAFWA/community group

Spreadsheets

3

N

N

Y

DAFWA

Spreadsheets

Service deliverer

Data source

Red Card For Red Fox
database
Priority weeds

3

Y

i

Y

Avon NRM Group

Spreadsheets

Starlings

2

Y

N/A

Y

DAFWA

Starling database, CRIS

Wild dogs

3

P

N

Y

DAFWA

Spreadsheets, CRIS

Feral cats

3

P

i

Y

DEC Western Shield

Feral pigs

3

P

i

Y

Foxes

3

Y

i

Y

Priority weeds

3

Y

i

Y

DEC, DAFWA, shires,
landcare groups, private
contractors

Rabbits

3

i

i

Y

Camels

3

Y

Donkeys

2 or 3

Y

Feral Goats

3

Foxes

gorse, blackberry

South West

Rangelands

As reported in SLIP Data
Audit

Y

DEC

i

Y

DAFWA/DEC

CRIS & Fauna File

Y

i

Y

DAFWA/DEC

CRIS & Fauna File

3

i

i

Y

DEC

Fauna File

Mesquite

2

Y

i

Y

Pilbara Mesquite
Management Committee,
DAFWA, DEC

Priority weeds

3

Y

Y

Y

DEC

Wild Dogs

3

i

i

i

DAFWA

Feral Goats

3

i

i

i

DEC

Local database

Feral Pigs

3

Y

Y

Y

DEC

Local database

Foxes

3

P

P

Y

Shire of Quairading

Red Card For Red Fox
database

Priority weeds

3

Y

Y

DEC

Local database

DEC database and Florabase

(species dependent)
Northern
Agricultural

Victorian Tea Tree
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Part 2: The monitoring framework
This chapter brings the concepts and approaches described
in Chapter 1 and the national NRM frameworks and the
recommendations made by the Australian Weeds Committee
and the Vertebrate Pests Committee (Chapter 2) together into
a framework for monitoring ecologically significant invasive
species in Western Australia.

Image credits clockwise from top:
State barrier fence maintenance
Photo: DAFWA (2007)
Wild dog (Canis Lupus dingo x
Canis lupus familiaris)
Photo: A. Woolnough, DAFWA
Western Australian landscape
Photo: P. Thomson, DAFWA

4. An invasive species monitoring
framework for Western Australia
4.1 	Concepts and approaches
The invasion process concept and the hierarchical approach advocated by
the Convention of Biological Diversity 1992 are pivotal to this framework for
monitoring ecologically significant invasive species in Western Australia (ISM
framework). They link monitoring and management strategies in strategic and
ecologically appropriate manners.
This is best explained by illustrating the invasion process with a common
invasion curve (amended from Department of Primary Industries, Biosecurity
Victoria 2009), where time is presented on the x-axis and the area of habitat
occupied on the y-axis (Figure 7). When the invasion curve is overlayed by the
hierarchical approach to managing invasive species, we see how the stages of
invasion align to the four management strategies of the hierarchical approach.

Copyright © State of
Western Australia 2007

Under the framework for monitoring ecological significant invasive species
in Western Australia, invasive species are assigned to one of the four
management strategies. This is at a landscape scale and takes population
dynamics into account. These categorisations are then overlayed with sociopolitical boundaries (such as the boundaries of NRM regions) to identify
species that require cross-regional monitoring and management (section 4.2).
To make ISM framework useful to NRM groups, the categorisation process and
management strategies must have the following characteristics:
• strategic data collection, that is, based on agreed guidelines as to the
information to be collected, the times of collection and the best monitoring
strategies for collecting the information
• build, where possible, on existing NRM projects
• contribute to the targets and outcomes in NRM program logic models.
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Stages of the invasion process
Introduction

Colonisation

Naturalisation

Invasion
Management strategy

Management

Intermediate outcomes:
The negative impacts of weeds and invasive
animals on priority assets are minimised.
Management strategy

Area of habitat occupied

Containment

Monitoring strategy:
• Impact Monitoring

Intermediate outcomes:
Priority established pests
are contained.
Monitoring strategy:
• Monitoring change
• Community involvement
in surveillance by
reporting satellite
Management strategy
Management strategy

Prevention

Intermediate outcomes:
No new high risk pests
are introduced.
Monitoring strategy:
• Surveillance of target areas
to facilitate early detection
• Community involvement in
surveillance by reporting of
sightings

Invasive
species
absent

Eradication

Intermediate outcomes:
Identified high risk pests are eradicated.
Monitoring strategy:
• Monitoring eradication effort
• Community involvement in
surveillance by reporting local

Small number
of localised
populations

Rapid increase in
distribution and abundance,
multiple populations

Invasive species are
widespread and abundant
through its potential range

Point of introduction

Time

Figure 7. Conceptual visualisation of the approach to monitoring ecologically significant
invasive species in Western Australia (invasion curve adopted from Department of
Primary Industries, Biosecurity Victoria 2009)

4.2 	 Incorporating national recommendations in the invasive
species monitoring framework for Western Australian
The AWC and the VPC recommendations on monitoring invasive species to
fulfil their requirements for the NLWRA have been incorporated in the approach
to monitoring ecologically significant invasive species in Western Australia.
Combining the national indicators for use under Western Australia’s
invasive species monitoring framework
The recommended national indicators for weeds and vertebrate pests are
very similar. For the purposes of the invasive species monitoring framework,
the indicators ‘extent, density and distribution of weeds’ and ‘distribution and
abundance of significant invasive vertebrate pests’ were combined to become
‘distribution and abundance of ecologically significant invasive species’.
The two indicators relating to ‘impacts on assets’ have been combined as
the indicator ‘impacts of ecologically significant invasive species on priority
assets’. The third recommended weed indicator ‘extent of active management’
is applicable to invasive vertebrate pests and has been adopted as extent of
active management of ecologically significant invasive species.
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Data attributes for use under WA’s invasive species
monitoring framework
The eight data attributes recommended by the VPC and AWC have been
adopted by this ISM framework as follows:
Attributes to report on distribution and abundance of ecologically
significant invasive species
Four data attributes (Table 15) were identified for which data may need to be
collected for each of the ecologically significant invasive species in order to
report on distribution and abundance.
Table 15. Data attributes to report on distribution and abundance of ecologically
significant invasive species

Data Attribute

Species occurrence

Activities

Present
Absent
Unknown

Distribution

Localised

Widespread

Unknown/absent

Abundance
(density of a population)

Occasional

Common

Abundant

Unknown
Density
This data attribute is
a combination of the
distribution and abundance
attributes and can be
recorded in six ways:

Species exists in the defined
area.
Species does not exist in the
defined area.
Not known or data collectors
are unsure whether the species
exists in the defined area.
Species is distributed in a
lumped pattern in less than
50 per cent of the defined area.
Species is distributed widely
across more than 50 per cent of
the defined area.
Distribution is not known or
the information is too limited to
determine.
Invasive species is of low or
scattered density (few or rare
reports of the pest)
Invasive species is of medium
density (invasive species seen
at most times of the year,
frequently reported)
Infestations are of high density
(many reports of the invasive
species, the invasive species is
nearly always seen, sightings
are reliable, evidence exists of
high abundance)
Unsure or no information

Occasional and localised
Occasional and widespread
Common and localised
Common and widespread
Abundant and localised
Abundant and widespread
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framework for Western Australia
Attributes to report on impacts of ecologically significant invasive species
on priority assets
In order to report on the impacts of ecologically significant invasive species on
priority assets, accurate and detailed impact information should be collected
for selected priority social, environmental and economic assets. A case study
approach is recommended as the most suitable manner for presenting this
type of information (Table 16).
Table 16. Data attributes to describe the impact of ecologically significant invasive
species on selected priority assets using a case study approach

• Location of the area monitored

Numbat (Myrmecobius fasciatus) at
Dryandra Woodland
Photo: J.W. de Milliano (2008)

• Species involved
• Method involved in monitoring
• Type and extent of impact (qualitative or quantitative; or a combination
• Area likely to be impacted by ecologically significant invasive species or
area (hectares) under management/protection from threat type(s) and if
possible the value of the area protected from threat type(s)
• Period and duration of the impact
• Likely consequences of no action.
Attributes to report on extent of active management of ecologically
significant invasive species

Dryandra Woodland
Photo: J.W. de Milliano (2008)

The data attributes for which data may need to be collected in order to report
on the national indicator of extent of active management of ecologically
significant invasive species are described in Table 17.
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Table 17. Data attributes to describe the extent of active management of ecologically
significant invasive species

Data attributes

Activities

Type of management activities

Under active management

(employed to achieve the management
strategies of eradication, containment
and asset-based management)

the use of strategies that have an
impact on reducing the pest numbers
or density and/or the threat it poses to
assets. Strategies for invasive animals
are traditional control techniques such
as shooting, trapping, poisoning,
fumigation and biological control.
For invasive plant species they are
commonly cultivation, mowing and
slashing, burning, grazing, agronomic
practices, chemical control and
biological control.
Under active monitoring
Land managers conduct site– or
species-specific surveys.
Under passive monitoring
General surveys where members of
the public, industry groups, nongovernment organisations and
others are encouraged to report the
(suspected) presence of an invasive
species at their discretion.
No management, treatment or
monitoring
No activities are undertaken for the
species in question.

Number and/or scale of new
significant invasive species to aid early
identification and threat evaluation

Number and location of separate
populations of new species detected
in the region

Prompt action must be taken to
achieve local eradication and to
minimise the costs of long-term
management.

Size of occupied sites (area in ha)

Data attributes for administrative and analytical purposes
In addition to the AWC and VPC recommendations, we believe that collecting
information to detect trends and collating information on the quality of the data
collected is applicable to all three indicators. Information on the identity of the
species, area of interest, trend and contact details of the person(s) reporting
the sighting or collecting the data should be collected. Table 18 provides a
tabulated summary:
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Table 18. Data attributes for administrative and analytical purposes

Data attributes

Activities

Trend information
Monitor regularly to detect
trends in distribution and
abundance of invasive
species, the extent of
active management and
impacts. We recommend
using the following grading
system to indicate trend:

Increasing

Quality of the information
collected
Information on the quality
of the data collected for
invasive species should be
recorded. We recommend
using the following grading
system or classification:

Class 0
Class 1

Decreasing
Stable
Unknown

Class 2

Class 3
Class 4

Invasive species is increasing in
density or distribution.
Invasive species is decreasing in
density or distribution.
No change in population density
or abundance.
No information

No data
Anecdotal data, ad hoc sources
and incidental reports
Expert opinion from local
specialists providing general
knowledge
Some available data plus expert
opinion
Scientific data from recognised
field sampling surveys.

Invasive species
identification
This can be recorded as:

Common Name
Genus
Species
Sub-species (if known/relevant)
Variety (if known/relevant)
Hybrid (if known/relevant)

Area of interest (location)

Map-sheet tile number(s) and monitoring scale
Location (preferable)

Contact details of the
person reporting the
sighting or collecting the
data

First name and Surname
Phone number
Position <preferable>
Organisation <preferable>
Address <preferable>
Email <preferable>
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Recommended monitoring scale
The recommend minimum monitoring scales are:
• 1:25 000 map-sheet tiles or finer (1:10 000 or 1:5 000) where feasible for
use at the regional and local levels in the South West region.
• 1:100 000 map-sheet tiles or finer (1:50 000 or 1:25 000) in the Rangelands.
Data collection on a finer monitoring scale is encouraged where possible.
Western Australia can be arbitrarily divided into the South West region and
the Rangelands based on climate, land use and primary production (Figure 8).
The use of standard map-sheets is recommended because they have wellestablished and defined origin points and coverage which make it possible
to compare and combine datasets. Map-sheets can be obtained from
Geoscience Australia website <http://www.ga.gov.au/nmd/mapping/>.

Figure 8. Map showing the South West and Rangelands regions of Western Australia
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Recommended monitoring frequencies
There are no minimum monitoring frequencies for use at the regional and
local levels because ‘… monitoring should occur as frequent as deemed
necessary to meet regional and local operational priorities’ (National Land
and Water Resources Audit 2007a, 2007b, 2007c, 2007d). DAFWA or DEC
may be able to provide species-specific advice to determine the appropriate
monitoring frequencies.
Species for which to collect data
The recommendation by the AWC and VPC to focus monitoring and reporting
efforts on species of ecological significance and to adopt these species
as priorities for Western Australia has been accepted. Chapter 2 has the
complete list and appendixes 2 and 3 show the categorisations for the South
West and Rangelands regions of the State. However, we recognise that these
priorities may differ from those at the regional or local levels. We encourage
the inclusion of monitoring of species of regional significance where resources
allow. Categorisation of the species of regional significance is recommended at
the landscape level.
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This chapter discusses the strategic data collection of data
attributes under each of the four management strategies –
prevention, eradication, containment and species management.
It also looks at a set of generic data attributes that should be
collected under all four management strategies.
Table 19 presents a matrix of data attributes, collection activities and
management strategies. It indicates that there is some overlap in suitable
data attributes for a particular management strategy. For example, data on
occurrence should always be collected. Data collected under an eradication
strategy is virtually the same as that needed for a containment strategy.
Although the abundant species management strategy collects all data
attributes, they are not needed for the entire region but only for the area
relevant to the asset that is to be protected.

Table 19. Overview of alignment of data attributes, management strategies and indicators
Indicators
Data attributes

Distribution and abundance
Occurrence

Abundance

Impact

Distribution

Impact

Extent of active management
Management
activities and/or
control activities

Management Strategy

Number and scale
of new incursions

Species-led approach

Data attributes only need to be collected in relation to one or more target spe
Prevention

✓

X

X

X

preferable

✓

Eradication

✓

✓

✓

X

preferable

preferable

Containment

Data attributes only need to be collected in r
✓

✓

X

✓

✓

Data attributes only need to be collected in rel
✓

Asset-based
approach

✓

✓

✓

X

preferable

preferable

Data attributes only need to be collected in relation to the asset being

Management
✓
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✓

✓

✓

✓
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DAFWA research officer, J. Dodd, examines Kochia (Bassia scoparia) infestation in 1992:
Kochia was subsequently eradicated. Photo: S. Lloyd, DAFWA

Administrative/analytical
Invasive
species identity

Data collection
date

Area of interest

Trend information

Contact details
data collector

Quality of
information
collected

ecies and in relation to their pathways of entry and spread.
✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

relation to the core infestation
✓

lation to the satellite infestation
✓

protected from the negative impacts of invasive species
✓

✓

✓
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5.1 	Generic data attributes for all four management strategies
There are six generic data attributes that can be used for administrative or
analytical purposes and should be collected for each of the four management
strategies.
Invasive species identification
Record the common name and scientific name of the target species, as well
as the sub-species, variety and hybrid status, if known or relevant.
Collecting specimens and photographing the species is recommended to
ensure confidence in the correct identification of the species. DAFWA, DEC
(WA Herbarium) and the Museum of Western Australia provide identification
services (free and fee-based) all of which strongly prefer actual specimens.
Please check their requirements before sending specimens. Plant specimens
can be sent to the Herbarium or DAFWA. Animal specimens can be sent to the
Terrestrial Vertebrate Section of the WA Museum or to DAFWA.
Area of interest
The area of interest or location must be identified before any monitoring or
management. At a local level, a recording point and polygon data using a
Global Positioning System (GPS) and more descriptive information such as the
closest town, landmark or road is highly recommended. It is essential to record
the monitoring scale and the area of interest in terms of the map-sheet tiles
for that area of interest under the monitoring framework for invasive species in
Western Australia. Figure 9 shows how the area of interest can be expressed
through point and polygon data and how these areas can be reflected at
regional and state levels.
Areas of interest expressed
through point and polygon
date at local level

Areas of interest
at regional level

Areas of interest
at state level

1:25 000

1:25 000

1:50 000

Invasive Species details:
•
•
•
•

Common Name
Genus
Species
Sub-species
(if known/relevant)
• Variety
(if known/relevant)
• Hybrid
(if known/relevant)

Area of interest
• Map-sheet tile number(s)
and monitoring scale
• Location (preferable)

Figure 9. Defining the area of interest at local, regional and state levels

Data collection date
The date of data collection must be recorded in a DD/MM/YYYY format.
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Data collection date
• Day (dd)
• Month (mm)
• Year (yyyy)
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Trend analysis
The date of data collection is required for trend analysis. Record the
trend according to a grading classification of increasing, decreasing,
stable or unknown.
Contact details
Contact details of the person collecting the data or reporting a sighting of the
target species must be recorded for future reference. This data help decisionmakers to establish a level of confidence in the data collected and allow follow
up on the reported data (for example, to seek clarification from the collector).
Quality of data collected
Information on the quality of the data for the invasive species should be
recorded. It provides a level of confidence about the information being used to
make decisions. The use of a grading system or classification of five classes is
recommended. Under this grading system, data quality is considered:
• Low where the data source(s) is unknown (Class 0) or of an anecdotal or
ad-hoc nature (Class 1)
• Reasonable if the data is derived from local specialists (Class 2)
• Good if existing data is combined with expert opinion (Class 3)
• High if data has been collected according to a scientifically recognised
survey methodology (Class 4).

5.2

Prevention management strategy – what to collect

The goal of the prevention management strategy is to stop the introduction of
high risk invasive species into a defined target area, for example, a particular
NRM region. The logic behind this approach is that, by stopping introductions
of high risk invasive species areas of freedom can be maintained and future
management costs can be reduced.

Trend information
•
•
•
•

Increasing
Decreasing
Stable
unknown

Contact details:
•
•
•
•
•
•

First and Surname
Phone number
Position <preferable>
Organisation <preferable>
Address <preferable>
Email <preferable>

Quality of data collected:
• Class 0: No data.
• Class 1: Anecdotal data,
ad-hoc sources and
incidental reports.
• Class 2: Expert opinion from
local specialists providing
general knowledge.
• Class 3: Some available
data plus expert opinion.
• Class 4: Scientific data
from recognised field
sampling surveys.

In order to determine whether a specific target area is free of a particular high
risk species, data in addition to the generic data attributes identified in section
5.1 must be collected on the occurrence of the species. It is recommended
that monitoring efforts be focused first on the pathways of entry, and extend to
the rest of the region only if/when there are adequate resources to do so.
Additional minimum attributes for data collection under this prevention
strategy are:
Species occurrence
The data attribute, species occurrence, is used to report on the distribution
and abundance of invasive species indicators. Record whether the species is
present or absent in the NRM region, or if it is not known to be present.
It is recommended to try to confirm the presence and record this as
‘confirmed’ or ‘unconfirmed’
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Type of management activities
This data attribute helps decision-makers to track the areas under passive
monitoring (subject to reporting by the general public at their leisure) and those
that are specifically targeted by active monitoring programs or not managed at
all. Although preferable, it is not considered essential to report on the indicator
of ‘extent of active management’.
Please note that the data attribute ’under active management’ is not relevant to
data collection under the prevention strategy unless the target species is found
to be present.
Figure 10 provides a hypothetical example of the type of spatial product that
may be produced using these monitoring attributes. A real life example is
presented in Case Study 2.
Area under passive surveillance
Target area for active surveillance

Type of management
activities:
• Under active monitoring
• Under passive monitoring
• No management or
monitoring(under active
management) N/R
• The data attribute under
active management is not
relevant to this strategy
because the species are
absent and can therefore
not be under active
management.

Port – pathway
River – pathway
Absent
Present
Unknown

Quality of information
Class 2 for areas underpassive surveillance
Class 4 for areas under active surveillance

Figure 10. Hypothetical example of a spatial product using data attributes under the
prevention management strategy (monitoring scale 1:25,000)

Case Study 2. Branched broomrape
Branched broomrape (Orobanche ramosa) is a serious parasitic weed that
infests the root systems of pulse, oilseed and vegetable crops worldwide.
Branched broomrape has been found in South Australia and is subject to a
nationally funded eradication campaign.
Broomrapes do not photosynthesize, but parasitise the root system of a host
plant. The absence of chlorophyll and physical attachment to the crop means
treatment with herbicides will also affect the host. Left untreated, branched
broomrape is capable of causing yield loss from 10 to 70 per cent. Broomrape
seed is a prohibited import for many of Australia’s export markets and its
presence in a consignment of produce may result in loss of overseas and
interstate markets.
Preventing the entry of this weed species into Western Australia is essential.
The major pathway of entry is the movement of contaminated seed on soil,
machinery or as a contaminant of seed for sowing.
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Broomrape seed is prohibited entry into Australia under Australian Quarantine
Regulations. Potential carriers of broomrape seed are cleaned at the border
to remove all soil and plant material. Western Australia has a passive detection
system involving providing identification materials to biosecurity staff and the
community, and maintaining plant identification services to identify any suspect
broomrape specimens among the material provided for identification.
Preventing the entry of this weed is the major focus for the state. Key
monitoring attributes required for each map-sheet tile are as follows:
Name of invasive species
• Common name, genus
Area of interest
• Map-sheet tile(s)
Date of data collection
• DD/MM/YYYY format
Species occurrence (Descriptive information such as closest town, landmark
or road is worthwhile recording)
• Present: species exists in the defined area.
• Absent: species does not exist in the defined area.
• Unknown

Copyright © Western Australian
Agriculture Authority, 1999

Trend information
• Increasing
• Decreasing
• Stable
• Unknown
Quality of information collected
• Class 0: No data
• Class 1: Anecdotal data, ad-hoc sources and incidental reports
• Class 2: Expert opinion from local specialists providing general knowledge
• Class 3: Some available data plus expert opinion
• Class 4: Scientific data from recognised field sampling surveys
Area under surveillance
• Area under passive surveillance
• Area under active surveillance
Contact details of the person
• First name and surname
• Phone number
• Position <preferable>
• Organisation <preferable>
• Address <preferable>
• Email <preferable>
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5.3

Eradication management strategy – what to collect

The eradication management strategy is all about eradicating high risk invasive
species that have managed to establish one or a small number of localised
populations in a defined area. At a regional level this defined area would be an
NRM region. However, if resources are again the limiting factor, initial attention
should focus on the pathways of entry and spread. The strategy recognises
that eradication of high risk invasive species is feasible and cost-effective.
Achieving eradication will prevent future management costs.
To manage eradication efforts effectively, the following data attributes must be
collected in addition to the generic data attributes identified above:
Type of management activities
For infestations the type of management activities conducted are to be
recorded. The characteristics are whether they are under active or passive
monitoring, under active management, or not managed at all. From a
management perspective at the local level, recording the specific details of
control techniques are also recorded for each infestation. However, this is not
essential from a regional perspective. For example, the infestations at locations
X, Y and Z are actively managed by shooting, infestations at B and C are being
controlled by using poisons and infestations at O and P are being monitored
but not actively managed. See Figure 11.
Number and scale of new incursions
Recording the number and the extent of new incursions will give a better
insight into the efforts that are required to eradicate each infestation. Knowing
the area in hectares is preferable but not essential.
Abundance of invasive species
Knowing the abundance of the infestations will help with assessing the
feasibility of undertaking eradication efforts.
If using a passive monitoring strategy, the frequency of reports can be an
indicator of density. For example, where there are few or rare reports of the
pests through the defined grid cell (such as 1:25 000 map-sheet tile) the
abundance is considered low or occasional. If the pest is seen at most times
of the year (that is, the reporting is frequent) the density is considered to be
common. Invasive species are considered abundant where there are many
reports of the invasive species (that is, the invasive species is nearly always
seen). Where there is uncertainty or no information on abundance, this is
recorded as unknown.

Type of management
activities:
•
•
•
•

Under active management
Under active monitoring
Under passive monitoring
No management or
monitoring
• Where possible specific
controls may be recorded
such as baiting, fumigation,
ripping, trapping, shooting,
application of herbicides,
use of biological control
agents, slashing, cutting or
mowing, cultivation etc

The number and scale
of new incursions
• Number of infestations
• Area in hectares

Abundance
• Occasional
• Common
• Abundant

When using an active monitoring strategy (for example, a recognised
monitoring strategy to determine density) low abundance is to be recorded
as occasional, medium abundance as common and high abundance as
abundant. Where there is no information record, this is recorded as unknown.
See Figure 11 for a hypothetical example.

Ecologically Significant Invasive Species

46

5. Strategic monitoring for ecologically significant
invasive species in Western Australia
The measures of relative abundance described above are subjective
measures. The difference between the common and abundant will be difficult
to define. Where possible those collecting and recording data should aim to
collect data as absolute values, or ranges of values, such as a given number
of plants, animals, or observations, per unit area over a specified time. These
objective measures can be converted to the subjective ratings (common or
abundant) but subjective descriptions cannot be converted to absolute values.
Distribution of invasive species
Having an insight into the distribution pattern of infestations can help in the
design of eradication efforts. In particular, it might be necessary to know
whether an invasive species is distributed in a lumped pattern in less than
50 per cent of the defined grid cell (such as 1:25 000 map-sheet tile), or
distributed widely across more than 50 per cent of the defined cell. See Figure
11 for a hypothetical example. This data attribute can only be collected through
an active monitoring strategy. If there are insufficient records to determine the
distribution of the infestation, record the distribution as unknown.
Density of invasive species
Density is a combination of distribution and abundance and is also to
be recorded.
a) Extent of active management (monitoring scale 1:25 000)
Shooting and under active surveillance
Z

Poisoning and under active surveillance
C

X

B

No active management,
just under active surveillance
Area under passive surveillance

Distribution
• Localised
• Widespread
• Unknown

Density
•
•
•
•
•
•

Occasional and localized
Occasional and widespread
Common and localized
Common and widespread
Abundant and localized
Abundant and widespread

Absent
Present
Unknown
Y

P

Quality of information
Class 2 for areas underpassive surveillance
Class 4 for areas under active surveillance

b) Distribution and abundance (monitoring scale 1:25 000)
Absent
Z

Present
C

X

B

Unknown
Relative Abundance (density)
Occasional

Common

Abundant

Unknown

Distribution
Widespread
Y

P

Localised

Unknown

Quality of information
Class 2 for areas underpassive surveillance
Class 4 for areas under active surveillance

Figure 11. Hypothetical example of the spatial products that can be produced using the
data attributes under the eradication management strategy
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Case Study 3. Eradication of horsetails from Western Australia
Horsetails (Equisetum spp.) are primitive, non-woody perennials that can
grow up to 120 cm. They do not produce a flower but instead produce a
spore-forming cone. The shoots break at the joints and are rough in texture
due to silica in their tissue. The leaves grow in rings of six to 18 and form a
black-tipped sheath around the stem. They are capable of producing a deep
penetrating rhizome and regrow from starch-filled tubers that make it difficult to
identify the extent of the infested area and to treat with herbicide.
One species of horsetail has been promoted as a landscape garden plant
and as a medicinal plant in some ethnic communities in Perth. However, this
species is also highly invasive, in the environment and also in vegetable crops.
The species is on the Alert List for environmental weeds, is known to be toxic
to livestock and can kill animals that eat contaminated hay.
It has been detected in cultivation in a nursery north of Perth and has been
subject to extensive control using herbicide, backed up with a media campaign
encouraging the public to report suspect plants. The campaign directed
information to the Sri Lankan community who were believed to be using the
plant as an herbal tea.

Horsetails (Equisetum spp.)
Photo: S. Lloyd, DAFWA (2001)

The infestation is subject to inspection and treatment every year to ensure that
all of the shoots and rhizomes are treated.
For this weed species, early detection is essential to ensure eradication is
achieved by the state.
The key monitoring attributes that are required for each map-sheet tile are:
Name of invasive species
• Common name, genus, species (sub-species, variety, hybrid)
Area of interest
• Map-sheet tile(s)
Date of data collection
• DD/MM/YYYY format
Species occurrence (Descriptive information such as closest town, landmark
or road is worthwhile recording)
• Present: species exists in the defined area.
• Absent: species does not exist in the defined area.
• Unknown
Relative abundance
• Occasional: invasive species is of low density.
• Common: invasive species is of medium density.
• Abundant: infestation is of high density.
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Distribution
• Localised: invasive species is distributed in a lumped pattern in less than
50 per cent of the defined area.
• Widespread: invasive species is distributed widely across more than
50 per cent
• Unknown
Infestations targeted for eradication
• Total number of infestations
• Number of infestations targeted for eradication and management technique
(e.g. shooting, poisoning)
Trend (the impact management is having upon the species)
• Increasing: invasive species is increasing in density/distribution.
• Decreasing: invasive species is decreasing in density/distribution.
• Stable: No change in population density or abundance.
• Unknown.
Quality of information collected
• Class 0: No data
• Class 1: Anecdotal data, ad-hoc sources and incidental reports
• Class 2: Expert opinion from local specialists providing general knowledge
• Class 3: Some available data plus expert opinion
• Class 4: Scientific data from recognised field sampling surveys
Contact details of organisation
• First name and surname
• Phone number
• Position <preferable>
• Organisation <preferable>
• Address <preferable>
• Email <preferable>
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5.4 	Containment management strategy – what to collect
In a containment management strategy the target species has naturalised
and is spreading after establishing a significant distribution and abundance.
This strategy focuses on containing (that is, preventing the spread of) the core
population (either by reducing its density or by reducing numbers at the outer
boundary of the infestation) and by early detection and eradication of satellite
infestations. Again, monitoring efforts should be focussed on the pathways of
spread if resources are a limiting factor. Under this strategy the following data
attributes should be collected:
Type of management
For the core infestations the type of management activities conducted should
be recorded, including where possible, the type of control techniques used.
It preferable that this information is also collected for the satellite infestation
however this is not essential.
Number and scale of new incursions
It is important to record the extent of the core infestations and the number
of satellite infestations. This will help to decide what efforts are required
to contain the core population and eradicate each satellite infestation. It is
preferred that the extent of each satellite infestation is recorded. However,
this is not essential.
Abundance of invasive species
Knowing the abundance of the infestations will help in assessing the feasibility
of the containment and eradication efforts.
If using a passive monitoring strategy, the frequency of reports can become an
indicator of abundance. For example, where there are few or rare reports of the
invasive species through the defined grid cell (such as the chosen map-sheet
tile) the abundance is considered low or occasional. If the invasive species is
seen at most times of the year (that is, the reporting is frequent) the abundance
is considered to be common. Invasive species are considered abundant where
there are many reports of the invasive species (e.g. the invasive species is
nearly always seen). Where you are unsure, or there is no information, this is to
be recorded as unknown. Where possible collect data as absolute values, or
ranges of values such as a given number of plants, animals, or observations,
per unit area over a specified time-frame.

Type of management
activities:
•
•
•
•

Under active management
Under active monitoring
Under passive monitoring
No management or
monitoring
Where possible specific
controls may be recorded
such as baiting, fumigation,
ripping, trapping, shooting,
application of herbicides, use
of biological control agents,
slashing, cutting or mowing,
cultivation etc.

The number and scale of
new incursions
• Number of infestations
• Area in hectares

Abundance
• Occasional
• Common
• Abundant

When using an active monitoring strategy, low abundance is to be recorded
as occasional, medium abundance as common and high abundance as
abundant. Where there is no information record this as unknown.
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Distribution of invasive species
Having an insight in the distribution pattern of the infestations will also be of
use because it may impact on the design of your containment and eradication
efforts. As under the eradication strategy, data is to be recorded as localised,
widespread or unknown.
Density of invasive species
Density is a combination of distribution and abundance and is also to
be recorded.
Figure 12 provides a hypothetical example of the spatial information products
that can be produced using the data attributes under a containment strategy.
a) Extent of active management (monitoring scale 1:25 000)
Satellite infestation

Distribution
• Localised
• Widespread
• Unknown

Density
•
•
•
•
•
•

Occasional and localized
Occasional and widespread
Common and localized
Common and widespread
Abundant and localised
Abundant and widespread

Core infestation
Under active surveillance
Under active management: shooting
Absent
Present
Unknown
Quality of information
Class 2 for areas underpassive surveillance
Class 4 for areas under active surveillance

b) Distribution and abundance (monitoring scale 1:25 000)
Absent
Present
Unknown
Relative Abundance (density)
Occasional

Common

Abundant

Unknown

Distribution
Widespread

Localised

Unknown

Quality of information
Class 2 for areas underpassive surveillance
Class 4 for areas under active surveillance

Figure 12. Hypothetical example of the spatial products that can be produced using the
data attributes under the containment management strategy
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Case Study 4. Blackberry buffer zone
Blackberry (Rubus spp.) is a Weed of National Significance (WoNS) that is
established and widespread in various parts of the south-west of Western
Australia. Identification of herbarium samples has identified that three major
species (R. anglocandicans, R. ulmifolius and R. laudatus) in Western
Australia. New rust strains (Phragmidium violaceum) have been introduced as
biological control agents for this weed. These rusts affect R. anglocandicans
severely, R. ulmifolius moderately, and have little effect on R. laudatus. There
is concern that as one blackberry species is controlled the other species
will simply replace it. Surveys of the distribution of species indicated that R.
anglocandicans occurred in most areas of the south-west, while R. laudatus
occurred mainly in the northern section of that region. R. ulmifolius was at low
levels and scattered across the region.

Blackberry (Rubus fruticosus L. Agg)
Photo: A. Reeves, DAFWA

An integrated weed management strategy was developed. This included the
use of herbicides to control minor infestations of R. ulmifolius and R. laudatus
in the southern areas, and the creation of a blackberry-free buffer zone to stop
R. laudatus migrating southwards and replacing the other species after their
control. The northern R. Laudatus infestation will be separated from the other
blackberry infested areas by controlling blackberry along and between two
parallel rivers approximately 10 km apart, creating a blackberry-free buffer
zone. This should ensure the maximum effect of the new rust strains on the
susceptible blackberry infestation while preventing further spread of the various
blackberry species north and south of the containment line.
Blackberry is already known to exist within the blackberry buffer zone so
occurrence is not an essential monitoring requirement. (Should the weed
species be treated to kill all of the plants within the buffer then occurrence
would become an essential monitoring requirement). The main focus for
information for monitoring purposes is on the control activities within the buffer
zone to ensure effective treatments are being applied. The key monitoring
attributes that are required for each map-sheet tile include the following:
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Name of invasive species
• Common name, genus, species, sub-species, variety, hybrid
Area of interest
• Map-sheet tile(s)
Date of data collection
• DD/MM/YYYY format
Satellite infestations targeted for eradication
• Total number of infestations
• Number of infestations targeted for eradication and management technique
(e.g. shooting, poisoning)
Relative abundance
• Occasional: invasive species is of low density.
• Common: invasive species is of medium density.
• Abundant: infestation is of high density.
Distribution
• Localised: invasive species is distributed in a lumped pattern in less then
50 per cent of the defined area
• Widespread: invasive species is distributed widely across more than
50 per cent of the defined area.
• Unknown
Trend (the impact management is having upon the species)
• Increasing: invasive species is increasing in density/distribution.
• Decreasing: invasive species is decreasing in density/distribution.
• Stable: No change in population density or abundance
• Unknown
Quality of information collected
• Class 0: No data
• Class 1: Anecdotal data, ad-hoc sources and incidental reports
• Class 2: Expert opinion from local specialists providing general knowledge
• Class 3: Some available data plus expert opinion
• Class 4: Scientific data from recognised field sampling surveys
Contact details of organisation
• First name and surname
• Phone number
• Position <preferable>
• Organisation <preferable>
• Address <preferable>
• Email <preferable>
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5.5

Management strategy – what to collect

Although the AWC and the VPC are yet to specify what information is to
be collected to demonstrate the impacts of invasive species on assets.
They do suggest using a case study approach. The species targeted for
monitoring and management under this strategy are widespread and abundant
and management activities must be very focussed in order to achieve any
return on investment.
The case study should contain the following information:
• location of area monitored; area likely to be impacted by the ecologically
significant invasive species or area (hectares) under management/
protection from threat type(s); if possible, the value of the area protected
from threat type(s)
• species involved
• method of monitoring
• type and extent of impact (qualitative or quantitative or a combination of
the two)
• period and duration of impact
• likely consequences of no action.
The following data attributes are likely to be collected in relation to the asset(s)
rather than along pathways of entry and spread, or across an entire NRM region
as may be the case under prevention, eradication or containment strategies:
• type of management activities
• number and scale of new incursions
• abundance of invasive species
• distribution of invasive species
• density of invasive species
• impact of invasive species on priority asset(s) being protected.

Feral donkey collaring Photo: A. Woolnough, DAFWA (2002)
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6. Monitoring community
engagement measures
As part of this project, workshops were conducted for the six
Western Australian NRM regions. During these workshops the
need for a communication and community engagement strategy
was identified by the workshop participants. The participants
believed that engaging the community is pivotal in the detection
and early intervention of new and emergent species. The need
to evaluate the effectiveness of communication and community
activities was also identified. This chapter outlines a model
to monitor the effectiveness of community engagement in
monitoring and reporting on new incursions.
6.1

An Awareness/Acceptance/Action Model

The Awareness/Acceptance/Action model (AAA model) encourages:
• awareness of people’s current state, in terms of their level of knowledge,
their attitudes, skills and aspirations about a certain topic
• acceptance of the implications of their attitudes and behaviours
• the development of desirable practices.
Monitoring with this model aimed to support natural resource management
managers when directing extension and education efforts to enhance the
baseline Knowledge, Attitudes, Skills and Aspirations (KASA) of their target
audiences. The impact of extension and education activities on the target
audiences can be measured, Hopefully, over time, this will demonstrate that
the activities resulted in practice change, that is, whether people’s actions are
significantly different to their baseline measures.
The first step is to establish a baseline of the level of KASA of the target
audience, before undertaking any engagement activities:
• To what extent does the target audience believe that the target invasive
species are a risk to their region?
• Do they believe that they have a role to play in managing these species?
• Does the community feel equipped in terms of skills and knowledge
to contribute?
This baseline information will help to identify the gaps in knowledge and skills
and any undesirable attitudes and aspirations that need addressing. This
baseline information will also help to determine the most appropriate activities
to achieve the outcomes.
In the short– to medium-term, another study will have to be undertaken
to measure the extent to which the attitudes and aspirations of the target
audience towards the invasive species have changed.
After finishing the activities, a final stock take will be needed to determine the
extent to which the activities have changed people’s KASA and whether actual
practice change occurred.
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6. Monitoring community
engagement measures
Awareness
• Baseline of Knowledge, Attitudes, Skills and Aspirations per target audience
• What is the current level of knowledge of our target audience?
Do they believe our target species are a risk/problem and why (not)?
Do they believe they have a role to play in managing these species?
Do they have the skills and knowledge to do this (what is missing?)
Do they have the knowledge to correctly identify the issue/risk?
Do they know where to report unusual organisms?
• Outputs to measure efficiency will include number and type of events
and communiqués; resources spent.
Acceptance
• Percentage change from the baseline in people’s attitudes and aspiration
after implementing communication and community engagement activities.
• Compared to the baseline, what percentage of target audiences now
agree that our targets species are a problem/risk to themselves and their
communities and that they can play a significant role?
Action
• Percentage increase from baseline in correct identifications and detections
per target audience
• Percentage increase in the number of people who are willing to participate
in reporting
• Percentage increase in the number of people who can list the correct
reporting process
• Percentage increase in the number of people who have joined a community
reporting network.
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7. Collating, storing and
distributing data
This chapter describes the process to be used by natural
resource management groups and other invasive species
managers to collate and manage invasive species data
when reporting on the three indicators: 1) distribution and
abundance, 2) impact, and 3) extent of active management.
It also discusses how data exchange facilities can be used to
share data with others.
7.1

Data collection and collation

Currently, there is no centralised database in Western Australia or nationally
for capturing invasive species data, although a common national platform is
being established across Australia (section 7.2). At this stage only high level
recommendations have been made for collecting data on the abundance,
distribution or management of invasive species through NLWRA.
To address these issues at the state level a set of core data attributes has
been developed under the ISM framework that are consistent with the high
level national indicators. These core attributes may be collected over a range
of management strategies (chapter 5). These invasive species data attributes
have been designed so that collections of regional data can be aggregated to
a state level by DAFWA.
The benefit of having core data attributes is that a number of existing
processes can be used to ensure that the data is properly archived and
made available to other stakeholders after short-term projects are completed.
These existing processes are outlined in table 20 and discussed in further
detail on the following page.
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7. Collating, storing and
distributing data
Table 20. Recommended process for data compilation and reporting on the three
indicators under the Western Australian framework

1. Data collected locally should incorporate the core data attributes
discussed in Chapter 5.
2. Careful consideration should be given to collecting these data
consistently. It is recommended that those collecting local data discuss
their project with regional NRM staff and/or key agency contacts before
capturing data.
3. Common sources of local data could include transect surveys, baiting
records, trapping data and sighting reports.
4. Consideration should be given to lodging local data with a state agency
or through the Shared Land Information Platform (SLIP). This can provide
a secure, ongoing home for these data and make them available to
others beyond the life of individual projects.
5. Regional maps can be prepared using these data according to the three
indicators recommended under the monitoring framework for invasive
species in Western Australia. This provides consistency when comparing
the status of invasive species between regions, states and territories.
6. We recommend consulting regional or state agency experts to fill in any
gaps in knowledge where possible.
The Regional Spatial Data Management Toolkit
A user-friendly set of guidelines for the collection of data can be found in the
Regional Spatial Data Management Toolkit published in 2008 through the
Shared Land Information Platform (SLIP) NRM program. These are available
online at <http://spatial.agric.wa.gov.au/slip/toolkit.asp> or on CD-ROM and in
a hard-copy format from DAFWA (Table 21).
Although this toolkit focuses on the collection of spatial (mapped) data, its
principles can be applied to data management more broadly. The toolkit
includes advice on how to find existing data using a range of freely available
tools, and how to set up a database to capture new data. Those carrying
out work through Western Australian regional natural resource management
groups should note that guidelines in this toolkit have been adopted as formal
policy by these organisations.
The following products need to be developed when collecting invasive
species data:
• A Data Management Plan outlines the process used to collect data and the
standards adopted for data collection and describes the data attribute to be
collected, and any limitations of the information collected (scale, accuracy). A
template is provided in the Regional Spatial Data Management Toolkit.
• A Metadata Statement gives a detailed description of the data actually
collected including its coverage and accuracy, and contact details to
obtain the data.
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distributing data
Data storage and distribution
DAFWA and DEC maintain selected data to report on the national indicators
for invasive species in Western Australia. Hosting and sharing data on the
ISM framework indicators is facilitated when core data attributes are collected
and when local and regional databases are consistent with those used by
the agencies. It is recommended that those intending to collect regional data
on invasive species should contact state agencies to discuss requirements.
Contacts for these agencies are provided in Table 21.
Table 21. Contacts that may be of assistance in designing databases

The following contacts may of assistance in designing databases with which
to collect invasive species data; and in identifying means through which
these data can be shared with others.
Department of Agriculture and Food Western Australia
Geographic Information Services
Tel: (08) 9368 3925
Email: <gis@agric.wa.gov.au>
Department of Environment and Conservation
Information Management Branch
Tel: (08) 9334 0333
Landgate
Account Manager – Natural Resource Management
Tel: (08) 9273 7373
National BioSIRT Program (Department of Agriculture,
Fisheries and Forestry)
Tel: (02) 6272 3170
Shared Land Information Platform (SLIP) initiative
Data collected at a catchment or regional level should be lodged with an
organisation that can assist with its distribution to other stakeholders.
Under the Shared Land Information Platform (SLIP) initiative, state agencies
and Western Australian regional NRM groups can have data hosted on the
SLIP Virtual Agency or on agency-based SLIP servers. Information on how
to utilise this web-based mechanism is provided in the Regional Spatial
Data Management Toolkit <http://spatial.agric.wa.gov.au/slip/toolkit.asp>.
Arrangements for hosting data through the SLIP can also be discussed with
agency contacts at DAFWA and Landgate (Table 21).
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distributing data
BioSIRT
The national BioSIRT (Biosecurity Surveillance, Incident Response and
Tracing) initiative is currently establishing a common information platform
across Australia to manage biosecurity incident (emergency response)
data. A common database and configurable front-end application has been
produced and is currently being established by primary industry agencies
in each state and territory (except Victoria) and by the Commonwealth
Department of Agriculture, Fisheries and Forestry in Canberra.
Although the focus for BioSIRT is emergency response, a number of standard
biosecurity surveillance templates (configurations) are under development,
including one for the capture of invasive species data.
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Appendix 1 –
Summary of the 2007 review findings
Key findings
As part of the project ‘Resource Condition Monitoring for ecological significant
invasive species’, information was collected on NRM funded invasive species
projects in Western Australia. Data was collected through desktop analysis
of quarterly reports, investment plans and NRM strategies, face-to-face and
phone interviews with biodiversity program coordinators, Monitoring and
Evaluation coordinators, national NRM facilitators and staff from the state NRM
office, DEC and DAFWA. A summary of the key findings is presented here.
• Natural Resource Management (NRM) projects demonstrate a
strong focus on:
− protecting assets from widespread or established pests
− managing these species at the interface of public and private lands.
• Most of NRM funding is invested in the control of widespread and
established pests, and asset protection. The revised Resource Condition
Targets (RCT) indicate an intention to shift focus to new and emerging
species. For example, four of six NRM groups have a revised RCT on
preventing new incursions.
• The following assumptions are commonly made when RCTs are set:
− The pathways of spread are identified and understood.
− Sufficient capacity is available to undertake surveillance.
− Baseline information on infestation extent is available and/or
documented.
− Damage thresholds are known and understood.
• Most NRM projects that relate to invasive species are delivered by DEC or
DAFWA. Some of the smaller projects are delivered by NRM groups, shires,
local non-government organisations or community groups.
• The prioritisation processes for vertebrate and weed species differ between
regions. Some processes are more robust than others, for example, a
formalised process which documents the thought process (program logic)
and the use rankings and weightings) compared to workshop prioritisations
involving subject matter experts.
• Most weed management projects involve a degree of weed mapping
• Monitoring of invasive species is often limited and done informally
(particularly for vertebrate species). Generally, monitoring of weed
species appears to be more robust though it is often limited to mapping
distributions.
• There seems to be a gap between the national and the regional level in terms
of invasive species management plans and strategies. A notable gap is the
lack of a State Vertebrate Pest Management Strategy and an overarching
invasive species management strategy that outlines state priorities,
investment principles and roles and responsibilities of land managers.
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Summary of the 2007 review findings
Species targeted
Table A1 provides an overview of the species targeted by NRM invasive species projects. The table also shows the
management goals of the management activities, the link to the indicators for monitoring invasive species, the service
deliverers of the project and the authoritative data sources for storing monitoring data.
Table A1: Overview of invasive species targeted for control and monitoring by NRM groups

Management Goal

1. Prevention and early intervention
of new and emerging species in
the region

Indicator

Legend

1. Abundance and Distribution

Y = yes

2. Impact

N = no

3. Extent of Active Management

2. Eradicate from region

i = unknown or insufficient data

3. Asset protection

P = potentially, enhancements required

NRM
region

Perth
Metropolitan

Avon

Species targeted

Foxes
6 priority weeds Including
Haas Grass, White Weeping
Broom

Monitoring

Management
goal

1

2

3

3

i

i

i

DEC

DEC database

1,2,3

Y

Y

Y

DEC

DEC database

Service deliverer

Data source

to be linked with Florabase

Priority weeds

3

i

i

i

Rabbits

3

i

i

i

Private contractor

Town of Cottesloe

Foxes

3

P

P

Y

Red Card for Red Fox
coordinator

Red Card for Red Fox
database

Shire of Quairading
Priority weeds
Bridal Creeper
South Coast

Feral pigs
Foxes

3

Y

N

Y

Avon NRM Group

Avon NRM database

2, 3

P

P

Y

DAFWA/community group

Spreadsheets

3

N

N

Y

DAFWA

Spreadsheets
Red Card For Red Fox
database

South West

Priority weeds
gorse, blackberry

3

Y

i

Y

Avon NRM Group

Spreadsheets

Starlings

2

Y

N/A

Y

DAFWA

Starling database, CRIS

Wild dogs

3

P

N

Y

DAFWA

Spreadsheets, CRIS

Feral cats

3

P

i

Y

DEC Western Shield

Feral pigs

3

P

i

Y

Foxes

3

Y

i

Y

Priority weeds

3

Y

i

Y

DEC, DAFWA, shires,
landcare groups, private
contractors

Rabbits

3

i

i

Y
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Summary of the 2007 review findings
NRM
region

Rangelands

Northern
Agricultural

Monitoring

Management
goal

1

Camels

3

Y

Donkeys

2, 3

Y

Feral Goats

3

Foxes
Mesquite

Species targeted

2

Service deliverer

3

Data source

Y

DEC

i

Y

DAFWA/DEC

CRIS & Fauna File

Y

i

Y

DAFWA/DEC

CRIS & Fauna File

3

i

i

Y

DEC

Fauna File

2

Y

i

Y

Pilbara Mesquite
Management Committee,
DAFWA, DEC

Priority weeds
(species dependent)

3

Y

Y

Y

DEC

Wild Dogs

3

i

i

i

DAFWA

Feral Goats

3

i

i

i

DEC

Local database

Feral Pigs

3

Y

Y

Y

DEC

Local database

Foxes

3

P

P

Y

Shire of Quairading

Red Card For Red Fox
database

Priority weeds

3

Y

Y

DEC

Local database

DEC database and Florabase

Victorian Tea Tree

Ecologically Significant Invasive Species

63

Appendix 1 –
Summary of the 2007 review findings
Recommendations
Table A2 outlines a long-term goal for DAFWA and DEC in relation to NRM, to provide leadership and coordination to
regional natural resource management groups for the management of invasive species. The strategic actions required to
achieve this goal and the anticipated effects of delivering on these actions are briefly outlined.
Table A2. Agency leadership and coordination for regional natural resource management groups in Western Australia

Objective

To ensure consistent pest
management approaches are in
place across the NRM regions
Rationale:
Effective implementation of
best practice pest management
approaches will require
• strong ownership and
commitment of all stakeholders
• good coordination
• strategic alignment to state
and national polices, strategies
and plans
• consistent approaches
between regions.

Ecologically Significant Invasive Species

Actions

Outcomes

Establish a mechanism for stakeholder
engagement to
• Facilitate meetings and consultation between
NRM groups and state government
• Explore opportunities for cross-regional
projects
• Improve consistency and/or alignment
between national, state and regional
strategies, plans and programs
• Communicate state strategies/plans/
policies that outline agreed directions and
management principles
• Communicate research findings to
NRM groups
• Ensure consistency between regional priority
setting processes and alignment to state
priority setting processes (for example,
drive the standardisation of priority setting
processes).
• Provide training opportunities
• Facilitate state-wide forums to discuss and
align investments
• Provide guidance to stakeholders (in particular
to NRM groups) by developing a program
logic (or road map) that outlines what we as a
state are trying to achieve, how we will do this
and with what resources. Good program logic
will guide planning and evaluation processes
and outline assumptions, relationships and
constraints. It is envisioned that this logic could
inform the development of an agreed whole
of government Vertebrate Pest Management
Strategy/policy and regional invasive species
management strategies/plans.

DAFWA has processes in place
to fulfil its role as a lead agency.
DAFWA and DEC are
actively engaged by the NRM
groups in the development
of NRM strategies and
investment plans.
The management of invasive
species is guided by regionally
appropriate approaches that
are consistent with national
and state-level strategies.
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Appendix 2 –
Vertebrate species
Ecologically significant vertebrate invasive species have been categorised
to a management strategy for each of Western Australia’s natural resource
management region. The information can be used to determine what data
should be collected (see chapters 4 and 5 for more detailed information).
Management strategy

Management
Management strategy

Containment
Management strategy

Eradication
Area of habitat occupied

Management strategy

Prevention

Perth Metropolitan
South West
Avon
Northern Agricultural
Rangelands
NRM Regions

Invasive
species
absent

South Coast
NRM Region

Small number
of localised
populations

Rapid increase in
distribution and abundance,
multiple populations

Invasive species are
widespread and abundant
through its potential range

Time

Point of introduction

Figure 13. Categorisation of common starling (Sturnus vulgaris)
Management strategy

Management
Management strategy

Containment
Management strategy

Eradication
Area of habitat occupied

Management strategy

Prevention

Perth Metropolitan
South West
Avon
Northern Agricultural
Rangelands
South Coast
NRM Regions

Invasive
species
absent

Small number
of localised
populations

Rapid increase in
distribution and abundance,
multiple populations

Point of introduction

Invasive species are
widespread and abundant
through its potential range

Time

Figure 14. Categorisation of wild rabbit (Oryctolagus cuniculus), red fox (Vulpes vulpes)
and Feral cat (Felis catus)
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Vertebrate species
Management strategy

Management
Management strategy

Containment
Management strategy

Eradication
Area of habitat occupied

Management strategy

Prevention

Perth Metropolitan
South West
South Coast
NRM Regions

Invasive
species
absent

Small number
of localised
populations

Avon
Northern Agricultural
Rangelands
NRM Regions

Rapid increase in
distribution and abundance,
multiple populations

Invasive species are
widespread and abundant
through its potential range

Time

Point of introduction

Figure 15. Categorisation of feral goat (Capra hircus) and feral pig (Sus scrofa)
Management strategy

Management
Management strategy

Containment
Management strategy

Eradication
Area of habitat occupied

Management strategy

Prevention

Perth Metropolitan
South West
Avon
Northern Agricultural
South Coast
NRM Regions

Invasive
species
absent

Rangelands
NRM Region

Small number
of localised
populations

Rapid increase in
distribution and abundance,
multiple populations

Point of introduction

Invasive species are
widespread and abundant
through its potential range

Time

Figure 16. Categorisation of cane toad (Bufo marinus)
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Management strategy

Management
Management strategy

Containment
Management strategy

Eradication
Area of habitat occupied

Management strategy

Prevention

Perth Metropolitan
NRM Region

Invasive
species
absent

Rangelands
Northern Agricultural
South Coast
Avon
NRM Regions

South West
NRM Region

Small number
of localised
populations

Rapid increase in
distribution and abundance,
multiple populations

Invasive species are
widespread and abundant
through its potential range

Time

Point of introduction

Figure 17. Categorisation of wild dog (Canis lupus dingo x Canis lupus familiaris)

Rangelands specific invasive species
Management strategy

Management
Management strategy

Containment
Management strategy

Eradication
Area of habitat occupied

Management strategy

Prevention

Rangelands
NRM
Region

Invasive
species
absent

Small number
of localised
populations

Rapid increase in
distribution and abundance,
multiple populations

Point of introduction

Invasive species are
widespread and abundant
through its potential range

Time

Figure 18. Categorisation of Feral horse (Equus caballus), Feral donkey (Equus asinus)
and Feral camels (Camelus dromedarius)
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Weed species
Ecologically significant invasive plant species (weeds) have been categorised
to a management strategy for each of Western Australia’s natural resource
management region. The information can be used to determine what data
should be collected (see chapters 4 and 5 for more detailed information).
Management strategy

Management
Management strategy

Containment
Management strategy

Eradication
Area of habitat occupied

Management strategy

Prevention

Perth Metropolitan
South West
Avon
Northern Agricultural
South Coast
NRM Regions

Invasive
species
absent

Small number
of localised
populations

Rapid increase in
distribution and abundance,
multiple populations

Invasive species are
widespread and abundant
through its potential range

Time

Point of introduction

Figure 19. Categorisation of Bridal creeper (Asparagus asparagoides), Lantana
(Lantana camara), Blackberry (Rubus fruticosus L. agg), Willows except Weeping Willow,
Pussy Willow and Sterile Pussy willow (Salix spp.)
Management strategy

Management
Management strategy

Containment
Management strategy

Eradication
Area of habitat occupied

Management strategy

Prevention

South Coast
NRM Region
South West
Avon
Northern Agricultural
Perth Metropolitan
NRM Regions

Invasive
species
absent

Small number
of localised
populations

Rapid increase in
distribution and abundance,
multiple populations

Point of introduction

Invasive species are
widespread and abundant
through its potential range

Time

Figure 20. Categorisation of Gorse (Ulex europaeus)
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Management strategy

Management
Management strategy

Containment
Management strategy

Eradication
Area of habitat occupied

Management strategy

Prevention

Perth Metropolitan
South West
Avon
Northern Agricultural
South Coast
Rangelands
NRM Regions

Invasive
species
absent

Small number
of localised
populations

Rapid increase in
distribution and abundance,
multiple populations

Invasive species are
widespread and abundant
through its potential range

Time

Point of introduction

Figure 21. Categorisation of Alligator weed (Alternanthera philoxeroides), Pond apple
(Annona glabra) and Cabomba (Cabomba caroliniana)
Management strategy

Management
Management strategy

Containment
Management strategy

Eradication
Area of habitat occupied

Management strategy

Prevention

Perth Metropolitan
South West
Avon
Northern Agricultural
South Coast
NRM Regions

Invasive
species
absent

Small number
of localised
populations

Rapid increase in
distribution and abundance,
multiple populations

Point of introduction

Invasive species are
widespread and abundant
through its potential range

Time

Figure 22. Categorisation of Bitou bush (Chrysanthemoides monilifera subsp. Rotundata)
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Management strategy

Management
Management strategy

Containment
Management strategy

Eradication
Area of habitat occupied

Management strategy

Prevention

Perth Metropolitan
South West
Avon
Northern Agricultural
South Coast
NRM Regions

Invasive
species
absent

Small number
of localised
populations

Rapid increase in
distribution and abundance,
multiple populations

Invasive species are
widespread and abundant
through its potential range

Time

Point of introduction

Figure 23. Categorisation of Chilean needle grass (Nasella neesiana)
Management strategy

Management
Management strategy

Containment
Management strategy

Eradication
Area of habitat occupied

Management strategy

Prevention

South West
Avon
Northern Agricultural
South Coast
NRM Regions

Invasive
species
absent

Perth
Metropolitan
Rangelands
NRM Region

Small number
of localised
populations

Rapid increase in
distribution and abundance,
multiple populations

Point of introduction

Invasive species are
widespread and abundant
through its potential range

Time

Figure 24. Categorisation of Salvinia (Salvinia molesta)
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Management
Management strategy

Containment
Management strategy

Eradication
Area of habitat occupied

Management strategy

Prevention

Avon
Northern
Agricultural
NRM Regions

Invasive
species
absent

Perth
Metropolitan
South West
South Coast
NRM Region

Small number
of localised
populations

Rapid increase in
distribution and abundance,
multiple populations

Invasive species are
widespread and abundant
through its potential range

Time

Point of introduction

Figure 25. Categorisation of Bone seed (Chrysanthemoides monilifera subsp. Monilifera)
Management strategy

Management
Management strategy

Containment
Management strategy

Eradication
Area of habitat occupied

Management strategy

Prevention

Rangelands
Northern
Agricultural
NRM Regions

Invasive
species
absent

Small number
of localised
populations

Rapid increase in
distribution and abundance,
multiple populations

Invasive species are
widespread and abundant
through its potential range

Point of introduction

Time

Figure 26. Categorisation of Mimosa (Mimosa pigra) and Serrated Tussock
(Nassella trichotoma)
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Management
Management strategy

Containment
Management strategy

Eradication
Area of habitat occupied

Management strategy

Prevention

Northern
Agricultural
NRM Region

Invasive
species
absent

Rangelands
NRM Region

Small number
of localised
populations

Rapid increase in
distribution and abundance,
multiple populations

Invasive species are
widespread and abundant
through its potential range

Time

Point of introduction

Figure 27. Categorisation of Prickly Acacia (Acacia nilotica subsp. Indica),
Rubber vine (Crypyostegia grandiflora), and Parkinsonia (Parkinsonia aculeate)

Rangelands specific invasive species
Management strategy

Management
Management strategy

Containment
Management strategy

Eradication

Rangelands
NRM Region

Area of habitat occupied

Management strategy

Prevention

Invasive
species
absent

Small number
of localised
populations

Rapid increase in
distribution and abundance,
multiple populations

Point of introduction

Invasive species are
widespread and abundant
through its potential range

Time

Figure 28. Categorisation of Athel Pine (Tamarix aphylla)
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Management
Management strategy

Containment
Management strategy

Eradication
Area of habitat occupied

Management strategy

Prevention

Northern
Agricultural
NRM Region

Invasive
species
absent

Rangeland
NRM Region

Small number
of localised
populations

Rapid increase in
distribution and abundance,
multiple populations

Invasive species are
widespread and abundant
through its potential range

Time

Point of introduction

Figure 29. Categorisation of Mesquite (Prosopis spp.)
Management strategy

Management
Management strategy

Containment
Management strategy

Eradication
Area of habitat occupied

Management strategy

Prevention

Northern
Agricultural
Rangelands
NRM Regions

Invasive
species
absent

Small number
of localised
populations

Rapid increase in
distribution and abundance,
multiple populations

Invasive species are
widespread and abundant
through its potential range

Time

Point of introduction
Northern Agricultural
Rangelands
NRM Regions

Figure 30. Categorisation Hymenachne (Hymenachne amplexicaulis) and Parthenium
weed (Parthenium hysterophorus)
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Glossary
abundance

a measure of density in a defined area
relates to the number of individuals or population of
species. In a quantitative situation it might be a count
(e.g. 100) or a range (e.g. 100–150) whereas in a
qualitative situation it might be abundant, common or
occasional

active monitoring

a monitoring strategy that relies on land managers
to be pro-active in detecting invasive species by
conducting site– or species-specific surveys using
recognised surveying methodologies such as Bureau
of Rural Sciences publications series Managing
vertebrate pests’ (2009), ‘Monitoring vertebrate pests’
(Mitchell & Balogh 2007) and ’A Field Manual for
Surveying and Mapping Nationally Significant Weeds’
(McNaught et al. 2006).

colonisation and
establishment

the second stage of the invasion process which
occurs when a species survives long enough in its new
habitat to populate the area

containment

a management strategy designed to stop or restrict
the spread of populations of invasive species

data attribute

a database field or value recorded in a database or
dataset, for example, rabbit_density_hectare

density

a combination of the distribution and abundance data
attributes

distribution

the pattern in which a species is spread over a defined
area

ecologically significant
invasive species

invasive plant and vertebrate animals species that have
been identified by the Vertebrate Pests Committee and
the Australian Weeds Committee as national priorities
for management in Australia

emergent species

species thought to have invasive capacity but are yet
to demonstrate this capacity

eradication

a management strategy designed to remove newlyarrived or emerging pests from the wild completely

incursion

the spread or unwelcome intrusion of invasive species

introduction

the act of bringing a species to a place for the first time

invasive species

species that have spread beyond their natural range
and cause or have the potential to cause adverse
impacts to social, environmental and economic values

management

a strategy designed to minimise the negative
impacts of invasive species; often applied in relation
to widespread and abundant species and social,
environmental or economic assets

Management Action
Target

a short-term target of one to five years that contributes
toward achieving a Resource Condition Target
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national indicator

an environmental variable used to indicate the status of
a subject of interest, for example, pest density per unit
area is a measure of the Impact of invasive species on
biodiversity assets.

naturalisation

the third stage of the invasion process in which a
species starts to reproduce successfully and the
population is able to sustain itself; a species that is
spreading and establishing multiple populations

occurrence

presence or absence of a species in a defined area

passive monitoring

strategies that rely on general surveys where members
of the public, industry groups, non-government
organisations and others are encouraged to report
the (suspected) presence of a pest at their discretion.
These surveys are reactive in nature and rely on a
communication and community engagement strategy
to raise awareness of the negative impacts of invasive
species and educate the public on their role in
managing new and emerging invasive species through
prevention and early intervention.

pathway

the means by which invasive species move

pest

see invasive species

prevention

management strategy designed to stop introductions
of species into a new area

Resource Condition
Target

the national framework for natural resource
management standards and targets sets out 10 topics
or ‘matters’ for which regional bodies (such as NRM
groups) in Australia must set specific, time-bound and
measurable targets. These targets must be realistic
and achievable within 10 to 20 years.

sleeper species

exotic species that have been established for some
years but have not yet reached their potential to form
large and widespread populations. For many years
they appear to be benign but they are regarded as
having the potential for adverse impacts (Natural
Resource Management Ministerial Council 2007).

site– and species–
specific surveys

pro-active monitoring strategies which identify specific
sites as likely points of introduction for certain target
species. They make good starting points for early
detection.
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